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A B S T R A C T 
The ancient sediments of the uppermost stratigraphic interval 
(Bhander Group) of the Vindhyan Supergroup (?Pre>Cambrian) have been 
investigated in the western lobe of the main Vindhyan basin with a 
view to reconstruct their depositional environments? paleogeographyt 
dispersal patterns and sediment source. 
The Bhander Group of study areai 335 m thicki comprises four 
mutually conformable formations: Gannrgarh Shale* Bhander Limestone? 
Sirbu Shale and Bhander Sandstone in the ascending order. Each 
formation has been divided into two or more units on the basis of 
lithologic and sedimentary characters. The lower half of Bhander 
Group (Ganurgarh Shale* Bhander Limestone) Sirbu Shale) is characterized 
by fine clastic-carbonate mudstone lithologic association} paralleT 
laminations* mud cracks* and absence of large-scale current- and wave-
formed structures. Small channel-fills occur in some units. Flaser-
bedded sandstones and shales mark the transition from the lower half 
of Bhander Group to the upper half. The latter comprises Bhander 
Sandstone which occurs in two markedly different facies — sheet and 
channel facies. 
Petrographic study of the arenites has demonstrated their high 
textural and compositional maturity. They are generally fine grained* 
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well sorted and almost entirely composed of siliceous constituents. 
Glauconite occurs in some samples as glauconitized clay pellets. The 
carbonates comprise four main constituents: intraclastS) micrite) 
sparry calcite and carbonate s i l t . Nine environmentally significant 
microfacies have been recognized. Most microfacies contain early 
dolomite. 
The depositional environments have been interpreted by analogy 
with "process-response" models of modern environments» and on the basis 
of Walther's Bule of Fades. By and large? Bhander Group sediments were 
deposited in a seamarginal tidal environment as is attested by features 
indicating processes of evaporation) exposure and desiccationt and late-
stage emergence ebb outflow. Other evidences of tidal activity include 
blraodal-bipolar dip orientation of cross-strata? multimodal frequency 
distribution of cross-stratification set thicknesses and graded bedding 
in algal mat carbonate mudstones. The marine influence on sedimentation 
is further indicated by the presence of glauconite in sandstones. The 
lower half of Bhander Group was deposited mainly from suspension in 
supratidal and high tidal flat environments. Small channel-fills were 
formed in gullies and small tidal channels of high tidal f lats. The 
transitional flaser-bedded sandstone-shale sequence resulted from 
alternate deposition of clay from suspension and sand by bedload 
transport in the mid flat environment. The upper half (Bhander Sandstone) 
was deposited on low tidal flats? beaches and bars. The associated large 
channel-fills have been interpreted as tidal channel and inlet deposits. 
Tectonic stability seems to have prevailed throughout the deposition of 
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the entire sequence. 
Orientation of ripple crestst r i l l marks* elongate tidal channel 
sand bodies} and the general trend of Sirbu Shale isopachs together suggest 
an east-southeast - west-northwest oriented shore line. Lateral facies 
changes and a combination of criteria* such as transgressive relationship 
and "fining-shoreward" textural distribution interpreted for the Sirbu 
Shale-Bhander Sandstone sequence* and the slope of lithologic boundary betwe«.v\ 
the two formations evidence a north-northeast directed paleoslope. 
Sediment dispersal patterns have been interpreted by relating 
paleocurrents to the inferred shore line and paleoslope. Such interpre-
tations are* by and large* redundant in the case of the lower half of 
Bhander Group since it is mainly a suspension load deposit. However* the 
meagre paleocurrent data obtained from small channel-fills suggest that 
bedload sediment transport occurred in small channels mainly in the 
onshore and offshore directions* and to some extent across-slope. In the 
upper half of Bhander Group* the sediments were mainly dispersed by 
west-northwest directed longshore currents* onshore and offshore currents 
played a subordinate role. 
The predominant west-northwest directed sediment dispersal pattern* 
and a matching of the inferred source composition with the composition of 
pre-Vindhyan rocks suggest that the provenance consisted of low-grade meta-
sediments of Bijawar and Gwalior Series* and Bundelkhand granite. 
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FIG. 1.-MAP OF THE MAIN VINDHYAN BASIN 
SHOWING LOCATION OF AREA OF INVESTIGATION. 
INSET SHOWS POSITION OF THE BAS^ N IN INDIA 
INTRODUCTION 
TOE VINDHYAN "SYSTEM" 
The ancient unraetamorphosed sediments of possibly Purana 
(Proterozoic) age const i tut ing the Vindhyan "System" (or more correct ly 
Vindhyan Supergroup as discussed elsewhere) occur in a large arcuate 
be l t j roughly 104»000 sq km in area» si tuated along the northern 
periphery of the Indian Shield (Fig. 1) . They are f la t - ly ing or jiearly 
so almost throughout the basin except along some zones of s t ruc tura l 
disturbance especially at the basin margins. The Vindhyan sequence 
res t s on the s t ructura l ly disturbed and metamorphosed Archean and older 
Purana (Bijawar and Gwalior) rocks with a marked erosional unconformity. 
The sequence is conformable throughout i t s great thickness (over 4>200 m) 
save for some local unconformities at different horizonsj and is 
d iv i s ib le on l i thologic basis into four units» namely* Semrij Kaimur* 
Rewa and Bhander in the ascending order. The Serari» also referred to 
as the "Lower" Vindhyan, is mainly consti tuted of fine e las t ics and 
carbonates, whereas the upper three units (Kaimur, Rewa and Bhander), 
known col lect ively as the "ITpper" Vindhyan, are formed of a l t e rna te 
sandstone and shale horizons and contain generally one carbonate 
horizon of significance. 
The attempted correlation of Vindhyan rocks with sequences of 
known ages on the basis of doubtful c r i t e r i a (such as colour» composition 
and presence of some structures* both organic and inorganic) and the 
absence of def ini t ive fossi ls in them led various workers to suggest 
highly variable and contradictory ages for them? ranging from Upper 
Pre-Cambrian to la te Paleozoic (see Srivastava? 1966 and Misra? 1969 
for a c r i t i c a l review). The Vindhyans are now believed to be 1400 to 
900 m.y. old on the basis of radiometric dating by Vinogradov ^t a l . 
(1964). According to Crawford and Corapston (1970> p . 368)» the age 
of the Vindhyan SystMi "extends over a very long period from at least 
1200 m.y. and possibly 1400 m.y. to perhaps 550 m.y. or even l a t e r " . 
Attempts to in terpret the broad depositional environment and/or 
paleogeography of the Vindhyan basin were made by Mallet (1869)> 
Vredenburg (1906), Auden (1933), Sahni (1941), Krishnan and Swaminath 
(1959), Ahmad (1962) and Misra (1969). Truly sedimentological 
invest igations involving the study of sedimentary s t ruc tures , paleo-
currents , and depositional environments of small detached parts of 
the Great Vindhyan Basin commenced in the mid f i f t i e s of th is century 
(Mathur, 1955, 1965; Awasthi, 1961, 1964; Basuraallick, 1961, 1962a, 
1962b; Misra, 196i; Misra and Awasthi, 1962; Banerjee and Sen Gupta, 
1963; Banerjee, 1964; Lahri, 1964, Jafar et. a i . , 1966; Mishra,1967; 
Bhattacharya, 1969; Bhardwaj, 1970). These studies indicated that 
the Vindhyan rocks were deposited mainly in a nearshore marine and 
f luvio-del ta ic environment. Howsoever credi table these efforts may be, 
much more integrated work employing la tes t sedimentological techniques 
i s needed to cover the en t i re Vindhyan basin and evolve an overall 
sedimentary model for i t . Profuse development of several kinds of 
sedimentary structures* varied lithology? unmetamorphosed nature» 
sub-horizontal disposition* and large outcrop area make the Vindhyan 
sequence ideally suited for studying the sedimentary process-response 
phenomena in ancient sediments. 
CHOICE AND LOCATION OF INVESTIGATED AREA 
The huge c rys ta l l ine massif (Bundelkhund granite) located in 
the northern part of central sector of the Vindhyan basin divides i t 
into two portions* a western and an eastern. The rather inaccessible 
western portion has received far less at tent ion of previous workers 
than the eastern one and* therefore* the Department of Geology* 
Aligarh Muslim University? took up i t s systematic sedimentological 
investigations since 1965. The present invest igat ion of the Bhander 
Group succession in the Mandalgarh-Singoli area is a part of the same 
programme to study the western portion of Vindhyan basin in d e t a i l . 
The area investigated is c r i t i c a l since i t l i es adjacent to the Great 
Boundary Fault of Bajasthan which is supposed to denote the north-
western limit of Vindhyan sedimentation. 
The investigated area l ies between the two Tehsil towns of 
Mandalgarh in Bajasthan and Singoli in Madhya Pradesh (Fig. 2 ) . Apart 
from Bijolia located in the northeastern part and Begun in the 
southwestern part* no other important habitation is present in the 
a rea . The area is spread over 1330 sq km and is delimited by la t i tudes 
24°55* and 25**15'N and longitudes i5%0' and 75°25'E. Physiographically, 
the area consists of an arcuately trending shale scarp res t ing on a 
lower platform of carbonate rocks and capped by an upper sandstone 
platform (Bijolia platform of Heron* 1936). The lower platform occupies 
the northwestern! southwestern) and southern portions of the area and 
supports most of the population. The Bijolia platform l ies towards 
the northeast and is very sparsely populated save for some cul t ivated 
area south of Bi jo l i a . The area is accessible by road from r a i l heads 
a t Kota in the northeast and Chittorgarh in the southwest. 
AIM AND SCOPE OF INVESTIGATION 
The present investigation mainly aims at constructing a 
depositional model for the uppermost s t ra t igraphic interval (Bhander 
Group) of the Vindhyan succession in the study area. The constructed 
model is essent ia l ly a process-response model (Krumbein and Slosst 
1963| p . 236) and i s largely based on the study of sedimentary 
characters l ike geometry* lithology» primary structures? and the 
l a t e ra l and ver t i ca l variat ions in these proper t ies . This study also 
attempts to reconstruct the paleogeography and sediment dispersal 
patterns during the deposition of Bhander Group sediments. 
Geological map of Bhander Group of the investigated area (Fig. 2) 
was prepared on one inch to a mile scale by takinq closely spaced 
traverses and using blown up Survey of India sheets 45 0/SW (1938 
edition? half inch) and 45 P (1957 edition* quarter inch) . 
Stra t igraphic sections of each consti tuent formation of Bhander 
Group were measured and studied in de ta i l at several sui table locations 
to col lec t s t ra t igraphic and sedimentologic information such as 
thickness* spat ial relationship* lithology* s t r a t i f i c a t i o n and internal 
s t ruc tu re s . 
Sedimentary structures* especially c ross - s t r a t i f i ca t ion and 
r ipple marks* were studied in respect of the i r scalar and vectorial 
p roper t i e s . A t o t a l of 3594 c ross - s t r a t i f i ca t ion azimuths and 68 r ipple 
asymmetry azimuths were recorded. Another s t ructure of one-way 
di rect ional significance* asymmetrical current-drag fold* provided a 
t o t a l of 22 azimuths. Two-way direct ional s t ructures such as 
symmetrical r ipple marks* par t ing lineation* r i l l marks* e t c . yielded 
a t o t a l of 690 azimuths. 
Petrographic studies were carried out on sandstone and 
carbonate samples collected during t raverses . Since the sandstones 
of the study area are highly indurated* the i r petrographic characters 
such as grain size* grain roundness* mineral composition* and 
diagenesis were studied in a t o t a l of 200 thin sect ions . I t was not 
considered necessary to study a larger number of thin sections of 
sandstones in view of the very l i t t l e inter-sample va r iab i l i ty In 
textural and corapositiona] characteristics due to their super-mature 
nature. The texture* composition^ and diagenesis of the carbonate 
rocks were studied in 160 thin sections. This detailed thin section 
analysis helped in the recognition of several carbonate raicro-
facies which were found invaluable in the interpretation of sub-
environments. 
The results of the above mentioned investigations were 
integrated to set up a depositional model for the investigated rocks 
and to reconstruct the paleogeographyi sediment dispersal patterns? 
provenance? and the broad tectonic setting during the deposition of 
Bhander Group. 
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CHAPTER I 
STRATIGRAPHY AND SEDBIENTARY CHARACTERS OF BHANDER GROUP 
NOMENCUTURE AND CUSSIFICATION 
Much of our knowledge of Vindhyan s t r a t i g r a p h y i s based on 
the excellent early investigations of various parts of the Great 
Vindhyan Basin by the Geological Survey of India (01dham» 1857» 
Medlicott, 1859} Mallet» 1869; Oldham £t. al . . , 190i; Heron, 1922, 
1936; Coulson, 1927; and Auden, 1933). Lately, much valuable work 
has also been done by some Universit ies of India, notably those of 
Lucknow, Calcutta, and Aligarh. Excellent h i s t o r i ca l reviews of 
the Vindhyan l i t e r a tu re have been presented by Ahmad (1962, 1971) 
and Misra (1969). 
The name "Vindhyan" was proposed in 1857 by T. Oldham for a 
thick sequence of ancient unmetamorphosed sediments occurring in the 
Vindhya region of central India. He c lass i f ied them, for the f i r s t 
time, into three "Subgroups", namely, "Kyraore, Rewab, and Bundair" 
in the ascending order. Subsequently, a sequence of older rocks 
lying more or less conformably below the "Vindhyans" of Oldham and 
r e s t i ng on a c rys ta l l ine basement was discovered by Medlicott (1859) 
f i r s t in the Son Valley which was termed "Sub-Kymores", and l a te r in 
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Bundelkhund area which he named "Semris". Medlicott (1859) pointed 
out strong l i thologic resemblance between the "Semris" and "Sub-Kymores" 
and remarked that they may represent a downward continuation of the 
Vindhyan sequence. Mallet C1869)» af ter a regional study of Vindhyan 
rocks In northwestern and central India* finally correlated the 
"Semri s e r i e s " with the "Sub-Kymore ser ies" and included them in the 
Vindhyan "System". He also introduced the terra "Lower Vindhyan" for 
the "Semris" and "Sub-Kymores" and grouped the other three sub-units 
("Kymorej Rewah, and Bundair") into what he called the "Upper Vindhyans". 
I t is unfortunate that the terms "Upper" and "Lower" Vindhyan have 
persis ted in l i t e r a tu re despite the very valid objections raised by 
Auden (1933) and Ahmad (1971). Thusi af ter the addition of a fourth 
sub-unit (Semri) to i t s base» Oldham's or iginal l i thos t ra t igraphic 
c lass i f ica t ion became well established in Vindhyan stratigraphy and 
continues to be in use t i l l date . 
I t is clear from the above review of the evolution of s t r a t i -
graphic nomenclature and c lass i f ica t ion of the Vindhyan rocks that the 
system so far followed is not only wrong but also misleading and l iab le 
to create confusion. These discrepenciesj howeverj are expected to be 
removed soon with the introduction of the recently formulated Code of 
Strat igraphic Nomenclature of India (1971), hereafter abbreviated as 
"Code for India". In the absence of charac te r i s t i c foss i l assemblages 
and suff ic ient data on radiometric agesj the Vindhyan rocks are amenable 
only to a l i thos t ra t igraphic c lass i f i ca t ion . Thus» use of 
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chronostratigraphic rank terms such as "Systemj Series and Stage" so 
far used in the c lass i f ica t ion of Vindhyan rocks» should be discontinued 
forthwith and replaced by l i thos t ra t igraphic rank terras "Supergroupj 
Group} Formatibnj Member" e t c . (Art icle 10.06> Code for Ind ia ) . Following 
the Code for India, the present author has attempted to modify Heron's 
(1936) c lass i f ica t ion of Vindhyan rocks of southeastern Mewar to the 
extent i t is applicable to the study area. In the modified c lass i f i ca t ion 
pertaining to the s t ra t igraphic interval studied (Table 1) Ganurgarh 
Shale, Bhander Limestone, Sirbu Shale, and Bhander Sandstone in the 
ascending order, form the fundamental and raappable uni t s , each 
characterized by an overall in ternal homogeneity, and have been 
designated "formation" (Art ic le 7.00, Code for Ind ia ) . These four 
successive and associated formations col lect ively form the Bhander 
Group (Art ic le lO.OOj Code for Ind ia ) . The en t i r e Vindhyan succession 
(comprising four Groups) has been redesignated as "Vindhyan Supergroup" 
(Art ic le 10.05, Code for Ind ia ) . However, no attempt was made to change 
the duplicate geographic components of formation names (Bhander 
Limestone and Bhander Sandstone) as they are well established and deeply 
entrenched in Indian geological l i t e r a tu re (Art icle 13.00, Code for India) . 
The terras "Upper" and "Lower" Vindhyan, although qui te frequently used 
in the past , do not find a place in the hierarchy of formal l i t hos t r a -
t igraphic units (Article 6,00, Code for India) and are , therefore, 
dropped from the modified c l a s s i f i ca t ion . 
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TABLE 1 . - PROPOSED FORMAL CLASSIFICATION OF STUDIED STRATIGRAPHIC 
INTERVAL OF VINDHYAN SUPERGROUP (MANDALGARH-SINGOLI AREA) 
Group Formation Average Thickness (ra) 
Bhander 
Alluvium (Recent) 
- Unconformity - - - - - - - - -
Bhander Sandstone + 150 
Sirbu Shale 68 
Bhander Limestone 95 
Ganurgarh Shale 22 
Rewa Rewa Sandstone 
REGIONAL STRATIGRAPHIC RELATIONSHIPS 
Our knowledge of regional s trat igraphic re la t ionsh ios of 
Bhander Group in the western part of the main Vindhyan basin is based 
on deta i led mapping by Heron (1922> 1936) in Karauli and southeastern 
Mewar» and by Coulson (1927) in Bundi area (Table 2 ) . 
Heron (1922, 1936) divided Bhander Group of both Karauli and 
Mewar areas into four mutually conformable l i t h o l o g l c u n i t s , namely 
"Ganurgarh shale , Bhander l imestone, Sirbu sha l e , Bhander sandstone". 
Coulson (1927) worked out e ight mutually conformable l i t h o l o g i c units 
of Bhander Group in Bundi area, namely, "Ganurgarh shale , Lower Bhander 
l imestone, Samria shale , Lower Bhander sandstone, Sirbu sha le . Upper 
Bhander sandstone, Upper Bhander limestone. Upper Bhander shale" . This 
c l a s s i f i c a t i o n was questioned by Heron (1936) who attempted to corre la te 
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Coulson's eight lithologic units of Bundi area with the four he 
established in Mewar and Karauli areas. Heron traced his "Bhander 
sandstone" of Mewar area towards Bundi and found it continuous with 
the "Lower Bhander sandstone" of Coulson. This led Heron (1936) 
to (1) correlate his "Sirbu shale" of Mewar with Coulson's "Samria 
shale" of Bundi area? and (2) make "Sirbu shale" of Coulson a part 
of his "Bhander sandstone". Presence of Coulson's three lithologic 
units ("Upper Bhander sandstone? Upper Bhander limestone» and Upper 
Bhander shale") in Bundi area was explained by Heron to be due to 
repetition of beds consequent upon a major fault. I t may be pointed 
out here that Heron (1936» p . 107> 111) did not either observe this 
jfault in Bundi area or i ts continuation towards southeast in Mewar. 
He postulated this fault on the basis of straightness of a scarp on 
Bijolia platform (Mewar area) and repetition of the passage beds between 
Sirbu Shale and Bhander Sandstone within the scarp. The present author 
studied this scarp in detail which lies in the study area, and did not 
find repetition of beds or any other evidence of faulting. Thus» the 
present author feels that Coulson probably did not err in working out 
a lithologically much differentiated and thicker succession of Bhander 
Group in Bundi area due to lateral changes in lithostratigraphic units. 
Such differentiation and thickening of the succession was probably not 
visualized by Heron when he attempted to correlate each lithologic 
unit over a large area. The following description of the regional 
stratigraphic relationships of various lithostratigraphic units of 
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Bhander Group bears out this contention of the present author. 
Ganurgarh Shale in Mewar has a maximum thickness of 30 m which 
increases in a general northeast direction to 182 m in Bundi and further 
to 195 ra in Karauli. In Mewar i t is composed of olive and red shales 
intercalated with thin sandstone and limestone bands. In Bundi this 
formation contains numerous and thicker sandstone and limestone in ter -
cala t ions . In Karauli) sandstone becomes an important constituent of 
the formation inasmuch as i t s lower 61 m? composed of red shales? show 
sometimes quite thick sandstone bands» and i t s upper 134 m comprise dark 
flaggy argillaceous sandstones forming the passage beds to the overlying 
Bhander Limestone. 
Bhander Limestone has a more or less uniform thickness throughout 
the region being 76-91 m thick in Mewar? 61-91 m in Buhdij and nearly 
79 m in Karauli area. All over the western part of the Vindhyan basin, 
the formation is formed of mostly blue and red? laminated to very thin-
bedded carbonate raudstones which in some places? such as Bhainsrorgarh 
and KarauliJ pass upward into blue thick-bedded? massive carbonate muds tones 
showing algal s t ruc tures . 
Sirbu Shale has a thickness of 46 m in Mewar area. In Bundi 
area? Sirbu Shale ("Samria shale" of Coulson) is ent irely absent in the 
southeastern part and reappears in the northeastern part where i t is 
30 m thick. In Karauli area? thickness of the formation increases to 
183 m. Throughout the region? Sirbu Shale is characterized by rather 
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massive dark red and olive shales containing sandstone Interbeds 
which become quite prominent (2 m to 6 m thick) in Karauli area. 
Bhander sandstone has a maximum preserved thickness of 122 m 
and 487 m in Mewar and Karauli areas respect ively. In both the areas? 
the formation has an erosional top and hence i t s true thickness is 
unknown. In Bundi area> Bhander Sandstone has a thickness of 968 m and 
includes Coulson's three l i thologic units (Table 2)j "Lower Bhander 
sandstone (792 m th ick) , Sirbu shale (152 m thick)? and Upper Bhander 
sandstone (24 m th ick)" . The present author regards Coulson's "Upoer 
Bhander sandstone" as lying normally over red shales (Coulson's "Sirbu 
shale") of Bhander Sandstone and forming a part of the l a t t e r because 
of lack of evidence of fault ing postulated by Heron as discussed 
e a r l i e r . Thus? in Bundi area Bhander Sandstone sp l i t s up into two 
sandstone horizons separated by considerable thickness of red shales . 
A similar s p l i t t i n g of Bhander Sandstone was even recorded by Heron 
(1936) from Bhainsrorgarh area of eastern Mewar. 
In Mewar? the generalized sequence of Bhander Sandstone consists 
of dark red? very fine grained r ipple laminated to r ipple cross-
laminated sandstones in the lower part? and light red to white massive 
or profusely c ross - s t ra t i f i ed sandstones in the upper pa r t . In Bundi 
area? the lower horizon of Bhander Sandstone (Coulson's "Lower Bhander 
sandstone") consists of fine grained? red and comoact sandstone at i t s 
base followed upward by a great thickness of white sandstones. The 
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middle horizon (Coulson's "Sirbu shale") is formed of massive and 
arenaceous red shales which contain intercalat ions of thinly-bedded 
limestones. The upper horizon (Coulson's "Upper Bhander sandstone") 
is absent from the southwestern part of Bundi area and is developed 
only in the northeastern part where i t i s 24 m thick and consists of 
massivej thick-bedded? dark red-brown sandstones. In Karauli area? 
Bhander Sandstone comprises red and white sandstones which are both 
thick- and thin-bedded in a l l degrees. Elsewhere* Bhander Sandstone 
is uniformly fine grained but here finely conglomeratic beds» containing 
white quartz pebbles* are frequently met with. 
Detailed work by the present author in the study area and 
reconnaissance studies of the adjacent eastern and northeastern areas 
proved that la te ra l changes in l i thos t ra t igraphic units do exist and 
have resulted in a thicker and much different iated sequence in Bundi 
area as or iginal ly worked out by Coulson. Implications of l a te ra l 
changes in l i thos t ra t igraphic units have been discussed elsewhere. 
MANDALGARH-SXNGOLI AREA 
Mandalgarh-Singoli area forms a part of southeastern Mewar 
region of Rajasthan and was f i r s t mapped on a quarter-inch scale by 
Heron (1936) who worked out the strat igraphy of the ent i re Vindhyan 
Supergroup in th is region. Bhander Group of Mandalgarh-Singoli area 
was examined in detai l by the present author during four field seasons 
extending over 1970-72. Traverse mapping on one-inch to a mile scale was 
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carried out (Fig. 2) as also detailed study and measurement of s t r a t i -
graphic sections of each consti tuent formation. For measuring s t r a t i -
graphic sections* the Jacob's s taff method (Krumbein and Sloss» 1963} 
p . 59) was employed as the beds are almost horizontal ly disposed. 
Bhander Group in the study area is on the average 335 m thick? 
and i t is d iv is ib le into four mutually conformable formations (Table 1): 
Ganurgarh Shale? Bhander Limestone? Sirbu Shale and Bhander Sandstone 
in the ascending order. The following description re la tes to occurrence? 
thickness? s t ra t igraphic relationships? lithology? sedimentary characters? 
and weathering behaviour of each formation. Terminology of Mckee and 
Weir (1953) has been followed for describing s t r a t i f i c a t i on and cross-
s t r a t i f i c a t i o n . 
Ganurgarh Shale 
Ganurgarh Shale occurs in an east-southeast-west-northwest 
running belt in the southern part of the study area (Fig. 2 ) . As i t 
essent ia l ly occupies low grounds and is more or less horizontal ly 
disposed? a complete section of Ganurgarh Shale is nowhere met. Part 
sections are? however? available eastwards of Tharod vi l lage and were 
studied and measured near Tharod? Dhangaon? Singoli and Borau v i l l a g e s . 
West of Tharod? outcrops of (Ganurgarh Shale are rarely met because i t 
is covered extensively by the alluvium of the Bamani river? but recent 
well cuttings in the v ic in i ty of Begun? Saonia? and other vi l lages show 
i t s fresh exposures. A generalized s t ra t igraphic sequence of Ganurgarh 
UNIT B (12m) 
UTHOLOOY- SILTY SHALES-SANDY LENSES ABSENT-
STRATIFICATION — PARALLEL LAMINATIONS VISIBLE ON WEATHERED SURFACES. 
SEDIMENTARY STRUCTURES-- MUD CRACKS COMMON. CURRENT-AND WAVE -
FORMED STRUCTURES GENERALLY ABSENT-
PREDOMINANT COLOUR.- RED 
UNIT A ( lOm) 
LITHOLOOY- SILTY SHALES AND SILTSTONES. SMALL LENSES OF StLTY SANDSTONES-
STRATIFICATION- PARALLEL LAMINATIONS PREDOMINANT.RIPPLE LAMINATIONS 
COMMON. MICRO CROSS-LAMINATION OCCASIONAL-
SEDIMENTARY STRUCTURES—SMALL RIPPLE MARKS ABUNDANT, MOSTLY SYMMETRICAL, 
FLAT-TOPPED AND INTERFERENCE TYPES, ASYMMETRICAL TYPE RARE. 
MUD CRACKS. SHALE-PEBBLES, AND RAIN-PITTING COMMON-
PREDOMINANT COLOUR-- BLUE AND GREY, OLIVE ON WEATHERING-
FIG. 3.. GENERALIZED STRATIGRAPHIC SEQUENCE OF GANURGARH 
SHALE IN MANDALGARH-SINGOLI AREA 
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Shale (Fig. 3) has been bu i l t up from the measurements of the part 
sections and data from well cu t t ings . 
The average to ta l thickness of this formation in the study area 
is 22 m and does not seem to vary appreciably along the strike? from 
the western end of the area to the eastern end. Farther east in s t r ike 
continuation? a similar thickness (22 ra) of Ganurgarh Shale has been 
reported by Bhardwaj (1970) from Kota-Rawatbhata area. 
Ganurgarh Shale shows a perfectly conformable relat ionship with 
the underlying formation? Rewa Sandstone which forms the top of Rewa 
Group. The contact between the two formations is conformable - interca-
lated (Krumbein and Slossj 1963? p . 304) as Ganurgarh Shale in i t s lower 
part becomes interbedded with sandstones and finally gives way to the 
underlying Rewa Sandstone. Such a nature of contact makes i t d i f f icu l t to 
demarcate the boundary between the two formations. However? following 
Art ic le 5.01 of Code for India? the boundary has been taken at the base 
of f i r s t s ignificant and pers is tent shale band above Rewa Sandstone. 
On the basis of lithology and sedimentary characters? Ganurgarh 
Shale in the study area is broadly d iv is ib le into two units? A and B 
(Fig. 3 ) . 
Unit A of Ganurgarh Shale consists of a 10 m thick sequence of 
laminated micaceous s i l t y shales and s i l t s tones? and interbedded lenses 
of s i l t y sandstones. The shales and s i l t s tones are grey to blue in fresh 
exposures observed in well cuttings but appear olive-coloured in surface 
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outcrops possibly due to weathering. They occur in sheet- l ike (McGugan> 
1965) p . 126) bands ranging in thickness from 10 cm at the base to a 
few metres at the top of this uni t . These bands show internal ly) 
para l le l laminations of both even and wavy type (r ipple lamination) and 
occasionally micro cross-lamination (Harablin) 1961a) b) which appears 
as rib-and-furrow (StokeS) 1953) on bedding surfaces. Mud crackS) r i l l 
marks and ra in -p i t t ing are observed on some shale and s i l t s t one surfaces. 
However) small r ipple marks (average wave length = 5 cm) are fa i r ly 
abundant in certain horizons. They belong generally to flat-topped) 
symmetrical and interference (tadpole nests) types) and rarely to asy-
mmetrical var ie ty . Very small r ipple marks (average wave length = 5 ram)) 
here designated micro r ipple markS) occur within the troughs of larger 
0 
r ipple marks and show a 90 orientation with respect to the l a t t e r . The 
micro r ipple marks are invariably flat-topped or planed off to the extent 
that they appear as mere traces on bedding surfaces. Very thin and 
extensive layers of shale pebbles occur frequently intercalated with 
laminated shales and s i l t s t o n e s . 
The lent icular interbeds of s i l t y sandstones) unlike sheet bedS) 
pinch out l a te ra l ly and show a convex dowmvard basal contact which truncates 
the underlying s t r a t a . Their thickness ranges from a few tens of centimetres 
towards the base to a few centimetres towards the top of unit A. The lenses 
extend l a t e ra l ly for a distance of a few metres to a few tens of metres depend-
ing upon the i r thickness. Internally) the lenses are very shallowly 
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cross-laminated to horizontally stratified. The upper surfaces of 
horizontally stratified laminae occasionally show crudely developed 
parting lineation. Shale pebbles sometimes occur within the lenses. 
The undersurfaces of lenses resting on shales show abundant flute and 
groove casts . 
Unit B of the formation} 12 m thick on the average? is essentially 
composed of mud-cracked^red,micaceous silty shales which generally appear 
massive but show parallel laminations on weathered surfaces. They 
sometimes contain pockets of olive shales and siltstones and inter-
calations of red sheet siltstones similar to those occurring in unit A 
of the formation. Towards the top of unit B, red shales become calcareous 
loosing whatever little fissility they show towards the base. With 
increasing carbonate content? red shales of unit B finally pass upward 
into red argillaceous carbonate mudstones of the overlying formation} 
Bhander Limestone. 
Bhander Limestone 
A greater part of the Bhander Limestone sequence in the study 
area forms an extensive and almost flat platform fringing the scarp 
(Fig, 2) whereas its uppermost part only is exposed in the lower portion 
of the scarp face. It is only in the extreme eastern part of the areaj 
near Bishengarhj that the entire Bhander Limestone sequence rises in the 
scarp and thus becomes available for study. This manner of distribution 
of the formation places certain restrictions on its detailed field study 
K*W»Wp»l^*»Y* l^q^W 
1 ^ « ^ ^ 
.n-^ .^ l 
UNIT D (7m) 
UTHOLOGY— ALTERNATING BANDS OF LAMINATED CARBONATE SILTSTONES AND 
CARBONATE MUDSTONES. 
STRATIFICATION.- CRINKLED AND DISCONTlNiJOUS LAMINATIONS COMMON. 
SEDIMENTARY STRUCTURES-- CURRENT AND WAVE-FORMED STRUCTURES 
GENERALLY ABSENT 
PREDOMINANT COLOUR- BLACK. 
Kii^__~ UNIT C (2Am) 
UTHOLOGY.- SHALES'SMALL LENSES OF CALCAREOUS SILTSTONES. 
STRATIFICATION. _ PARALLEL LAMINATIONS PREDOMINANT. 
SEDIMENTARY STRUCTURES- CURRENT-AND WAVE-FORMED STRUCTURES ABSENT. 
PREDOMINANT COLOUR- OLIVE. 
X—zzrz 
'' y y r 
UNIT B (30 m ) 
UTHOLOGY.- CARBONATE MUDSTONES. SMALL LENSES OF FLAT PEBBLE BRECCIA, 
AND CRYSTALLINE DOLOSTONE BANDS 
STRATIFICATION... CRINKLED AND DISCONTINUOUS LAMINATIONS PREDOMINANT. 
SEDIMENTARY STRUCTURES-- SYMMETRICAL AND RHOMBIC RIPPLE MARKS, 
MUD CRACKS OCCASIONAL 
PRE DOMINANT COLOUR.- BLUE AND RED. 
^T\r^ m^^^ 
UNIT A ( 3Am) 
UTHOLOGY.- ARGILLACEOUS CARBONATE MUDSTONES. SMALL LENSES OF 
FLAT PEBBLE BRECCIA TOWARDS THE TOP. 
STRATIFICATION.^ THIN-BEDDED TO VERY THIN-BEDDED, LAMINATED 
TOWARDS THE TOP. 
SEDIMENTARY STRUCTURES.- MUD CRACKS COMMON, CURRENT-AND WAVE -
FORMED STRUCTURES ABSENT. 
PREDOMINANT COLOUR.- RED. 
FIG, A.^ GENERALIZED STRATIGRAPHIC SEQUENCE OF BHANDER LIMESTONE 
IN MANDALGARH- SJNGOU AREA. 
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because the exposures on the flat platform are not continuous due to 
extensive a l luvia l cover. Further? the measurement of s t ra t igraphic 
sections is rendered d i f f icul t due to near-horizontal disposit ion of 
the beds at some places and by warping and consequent repet i t ion of 
the s t ra ta at others . Despite these l imitat ions) several par t-sect ions 
were measured along closely..spaced traverse lines both on the platform 
and in the lower part of the scarp face in the centra l and western parts 
of the area. A composite s t ra t igraphic column was prepared by piecing 
these part-sect ions together. The complete sequence of Bhander Limestohe 
exposed in the Bishengarh Scarp was also measured? and based on these 
studies a generalized s t ra t igraphic sequence has been worked out and 
i s summed up in Fig. 4. Apart from minor var ia t ions) the sequence is 
uniform throughout and has an average to ta l thickness of about 95 m in 
the study area. 
Bhander Limestone res ts conformably on Ganurgarh Shale. The 
contact between the two formations is perfectly gradational) the red 
calcareous shales at the top of the Ganurgarh Shale sequence passing 
gradationally upward into the red argillaceous carbonate mudstones of 
the basal part of Bhander Limestone. Following the Code for India 
(Art ic le 5.01)) the boundary between the two formations has been placed 
a t the base of the f i r s t s ignif icant and pers i s ten t carbonate bed. 
On the basis of gross lithology and other sedimentary characters) 
Bhander Limestone in the study area is broadly d iv is ib le into four unitS) 
A) B) C and D in the ascending order (Fig. 4 ) . 
PLATE I 
PUTE I 
PHOTOGRAPHS SHOWING LITHOLOGIC AND SEDIMENTARY CHARACTERS OF 
BHANDER LIMESTONE AND SIHBU SHALE 
Fig . A.- Laminated carbonate mudstone (unit B, Bhander Limestone) 
showing interlaraination of blue lime mudstone and red dolo-
raitic laminae. The blue lime mudstone laminae are often 
marked by ver t ica l corrugations (X). The red dolomitic 
laminae stand out as del icate ridges and the i r r e l i e f can 
be noted in the photograph. Note also discontinuous and 
wavy nature of the dolomitic laminae. 
F ig . B.- Bedding plane view of f la t pebble carbonate breccia 
(unit Bj Bhander Limestone). Note the subangular to 
subrounded outlines of the pebbles? the i r loose packing 
and crude preferred or ienta t ion . 
F ig . C - Cross-sectional vieiv of f la t pebble carbonate breccia 
(unit B, Bhander Limestone) showing imbricated pebbles. 
Fig, D.- A general view of the s t ra t igraphic section exposed in 
the western face of the hillock near Fatehpur. The hi l lock 
res ts on a platform of laminated carbonate mudstones 
(unit B, Bhander Limestone) and i t s base is formed of 
olive shales (unit C? Bhander Limestone). These shales 
are overlain by the black limestone band (unit Dj 
Bhander limestone) which is prominently seen in the 
photograph some distance above the base of the h i l lock . 
Rest of the hillock section is formed of Sirbu Shale? 
and Bhander Sandstone is present as a very thin capping 
at the top. 
Fig . E.- Interbedded carbonate mudstone and carbonate s i l t s tone 
(unit D) Bhander Limestone). Vertical corrugations are 
c lear ly seen in the upper r ight corner of the specimen. 
Fig. F . - Flaser-beddedj interlaminated fine sandstone and shale 
(uni t Dj Sirbu Shale) showinn i rregular and generally 
len t icular bedding. 
Fig . G.-
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Unit A of Bhander Limestone> 34 m thick? is characterized 
throughout by red colour and consists mainly of mud-cracked argillaceous 
carbonate mudstones which are very thin-bedded (occurring in 3 to 20 cm 
thick beds) in the lower part of this unit whereas upward? they become 
laminated. 'Oiese laminae are rust-coloured? highly disturbed and disconti-
nuous^ and measure 5 to 7 cm in la te ra l extent . Breccia lenses? 7 to 
20 cm thick (average thickness = 12 cm)? occur in the upper part of this 
u n i t . They contain subangular to subrounded and poorly sorted intraforma-
t iona l f la t pebbles? 0.3 to 6 cm long? of red argillaceous carbonate mudstones 
Unit B? 30 m thick on the average? consists mainly of laminated 
carbonate mudstones with occasional lenses of f la t pebble breccia and 
c rys ta l l ine dolostone bands. Laminated carbonate mudstones occur in 
30 cm to 2 m thick bands which are e i ther predominantly red or b lue . 
Internally? each band shows interlamination of blue lime mudstones and 
red doloraitic laminae (Plate I? Fig. A). Each band appears predominantly 
red or blue depending upon the abundance or scarci ty of the red dolomitic 
laminae. However? the various bands? with decreasing dolomite content? 
show a complete spectrum of colours ranging from red through reddish blue 
to greyish blue. The blue lime mudstone laminae show ver t i ca l corrugations. 
The red laminae appear rust-coloured on weathered surfaces? and being 
harder they stand out as del icate sharp r idges . They are generally wavy? 
show micro-crinkling? discontinuity and arching upward with a maximum 
r e l i e f of about 2 cm. Their la te ra l extent ranges from a few tens of 
centimetres to few tens of metres. Laminated carbonate mudstones rarely 
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show sedimentary structures* the i r bedding surfaces mostly present a 
smooth appearance. Howeverj some symmetrical s t ra ight-cres ted r ipple 
marks with wave lengths ranging from 3 to 14 cm* as well as some rhombic 
r ipple markS) were recorded at some l o c a l i t i e s . Mud cracks are occa-
sionally present on the bedding surfaces of laminated carbonate mudstones. 
The interbedded flat pebble breccia lenses? 20 to 30 cm thick 
(average thickness = 25 cm),are ei ther red or blue depending upon the 
colour of the contained f la t pebbles which appear to have been derived 
local ly . The flat pebbles are from fraction of a centimetre to 12 cm 
long. They are usually poorly sorted and subangular to subrounded 
(Pla te Ij Fig. B). The orientat ion of the f la t pebbles is highly 
variable? in some beds they are flat-lying? in others imbricated (Plate I> 
Fig, C) or even stand on edge. On the whole the i r packing density is 
low. When seen on the bedding planes? the elongated pebbles sometimes 
show a crude preferred or ienta t ion . 
Another interbedded l i thologic type in unit B is a red? hard 
c rys t a l l i ne dolostone occurring as bands? one metre thick on the average. 
These bands appear missive but- on weathered surfaces show faint traces 
of pa ra l l e l laminations. 
The next? on the average 24 m thick sequence of the formation 
(unit C) is mainly shaly with occasional lenses of calcareous s i l t s t o n e s . 
The thickness of this unit ranges from 15 m near Raeta to 35 m near 
Bishengarh. The shales? mostly olive to rarely bright green? are thick-
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bedded to massive and sp l in te ry . Occasional in tercala t ions of similar 
but red-coloured shales are present upward in the sequence. Large 
calcareous lens-shaped concretions? as much as 2.5 m across and 90 cm 
high) were noted within this unit near Raeta. The grey to red-coloured 
calcareous s i l t s tone lenses are 2 cm to 2 m thick) and accordingly 
the i r l a te ra l extent ranges from a few metres to a few tens of metres. 
The lenses show channelled bases which are sometimes loaded. S t r a t i f i -
cation of the lenses consists of para l le l laminations and micro cross-
lamination. The lenses often show disrupted bedding indicat ive of mud 
cracking. They contain small) 1.5 to 7 cm long) imbricated f la t shale 
pebbles which are so abundant in some lenses that they may be termed 
breccia. 
The top of Bhander Limestone is marked by the presence of a 
black carbonate horizon (unit D) that ranges in thickness from 5 m near 
Sori jar to 9 m near Fatehpur. I t is pers i s ten t ly displayed towards the 
base of that part of the scarp which runs east-west from Bishengarh to 
Fatehpur (Plate I) Fig. D). OnwardS) upto Chit tor ia) i t is generally 
exposed on lower ground. Between Chittoria and Dhaulji Ka Khera in the 
northwestern part of the scarp) nothing is known about th is unit) the 
top of Bhander Limestone being alluvium-covered. However) at Dhaulji Ka 
Khera the unit is defini tely missing and has also not been reported from 
the Kota-Rawatbhata area towards the southeast (Bhardwaj) 1970). 
This unit consists of interbedded bluish grey to black carbonate 
mudstones and carbonate s i l t s tones occurring in 2 to 35 cm thick beds 
25 
(Plate I) Fig. E ) . Wavy and contorted discontinuous laminae are quite 
common in some beds whereas some other beds prominently display vertical 
corrugations. Cross-laminationj flaser bedding and symmetrical ripple 
marks occur rarely in this unit. 
Olive shale intercalations towards the base of this unit and red 
shaly intercalations at its top indicate the transitional nature of its 
lower and upper contacts. 
Sirbu Shale 
Sirbu Shale is exposed a l l along the scarp from Dhaulji Ka Kheraj 
east-south east of Mandalgarh) to Bishengarh at the southeastern end of 
the area (Fig. 2 ) . I t res ts on Bhander Limestone with a gradational 
contact . From Chittoria southward up to Utain> and then eastward up 
to Bishengarh» the contact between the two formations can be placed at 
the top of the black carbonate band which is the last carbonate horizon 
of any significance in the sections studied and has? therefore? been 
included in Bhander Limestone. The black carbonate band contains thin 
red shale intercalat ions towards i t s top and passes gradually into the 
overlying Sirbu Shale. In the northwestern part of the area? from 
Chit toria northeastward? the black carbonate band and olive shales are 
absent and the laminated carbonate mudstones of unit B of Bhander 
Limestone? showing red shale intercalat ions towards thei r top? gradually 
merge into Sirbu Shale. The contact between the two formations has thus 
been placed at the base of the f i rs t? thick and pers is tent red shale band 
- I - I - I - I , 
UNIT D (18m) 
UTHOLOCY.^ FLASER-BEDDED SANDSTONE AND SHALE. LENSES OF FINE SANDSTONE 
STRATIFICATION.^ LENTICULAR AND IRREGULAR LAMINATIONS. 
SEDIMENTARY STRUCTURES.- SMALL RIPPLE MARKS ABUNDANT, 
MOSTLY SYMMETRICAL TYPE, ASYMMETRICAL AND RHOMBIC TYPES COMMON. 
RILL-AND SWASH MARKS OCCASIONAL. 
PREDOMINANT COLOUR— BLACK AND WHITE 
UNIT C {24m ) 
LITHOLOGY.. MAINLY SILTSTONES, SUBORDINATE SILTY SHALES. LENSES OF 
VERY FINE SANDSTONE/SILTSTONE OCCASIONAL 
STRATIFICATION-^ PARALLEL LAMINATIONS DOMINANT, RIPPLE LAMINATIONS 
COMMON. 
SEDIMENTARY STRUCTURES.. MUDCRACKS AND SMALL SYMMETRICAL RIPPLE 
MARKS COMMON. RHOMBIC RIPPLE MARKS, SWASH MARKS OCCASIONAL 
PREDOMINANT COLOUR... RED-
UNIT B (12m) 
LITHOLOGY.- SILTY SHALES. SANDY LENSES ABSENT. 
STRATIFICATION.- PARALLEL LAMINATIONS PREDOMINANT 
SEDIMENTARY STRUCTURES.- MUDCRACKS COMMON. CURBENT-AND WAVE-FORMED 
STRUCTURES ABSENT. 
PREDOMINANT COLOUR.- RED 
ITHITJ-I, UNIT A ( K m ) 
LITHOLOGY.- INTERBEDDED SILTY SHALES AND ARGILLACEOUS CARBONATE 
MUDSTONES. LENSES OF FLAT PEBBLE BRECCIA AND CALCAREOUS SILTSTONES 
STRATIFICATION. - PARALLEL LAMINATIONS PREDOMINANT. RIPPLE LAMINATIONS 
AND MICRO CROSS-LAMINATION RARE 
SEDIMENTARY STRUCTURES— MUDCRACKS COMMON.CURRENT-AND WAVE-FORMED 
STRUCTURES RARE 
PREDOMINANT COLOUR.- RED. 
FIG. 5.- GENERALIZED STRATIGRAPHIC SEQUENCE OF SIRBU SHALE 
IN MANDALGARH-SINGOU AREA. 
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tha t appears above Bhander Limestone. In a l l the sections studied} 
carbonate influence lingers on for a while in the form of thin a r g i l l a -
ceous carbonate mudstone and calcareous s i l t s tone bands in the basal 
part of Sirbu Shale but finally disappears upwards. 
For a detai led study of the formation^ eleven sections were 
measured along the scarp face from Dhaulji Ka Khera to Bishengarh and 
One at the water fall near the ancient temple of Henal with special 
reference to l i thologic and other sedimentary characters . Moreover? 
the total thickness of the formation? without reference to l i thologic 
variation? was measured at th i r teen additional locations. The loca l i t i e s 
at which sections were studied and measured are shown in Fig, 23. The 
t o t a l thickness of Sirbu Shale in the study area is variable and ranges 
from 23 ra in the scarp near Damti to 97 m in the scarp north of Khera? 
and averages 68 m. 
The ent i re Sirbu Shale sequence? characterised by prevail ing red 
colour and predominantly argillaceous nature? is generally d ivis ib le 
into four units? A? B? C and D in the ascending order (Fig. 5 ) . 
Unit A of Sirbu Shale forms the base of the formation? and i t 
is on the average 14 m thick. The thickness? in general? increases 
westward as the unit is thinnest (6 m) at the local i ty north of Singoli 
and thickest (27 m) at the western-most local i ty near Fatehpur. At the 
l a t t e r locali ty? the unit? apart from thickening? shows increased 
carbonate influence. The unit consists of an interbedded sequence of 
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micaceous s i l t y shales» argillaceous carbonate mudstones) calcareous 
s i l t s t ones j f la t pebble breccia? and rare c rys t a l l ine limestones. All 
these components are red-coloured imparting to the unit a charac te r i s t i c 
red appearance. Shales and argillaceous carbonate mudstones both show 
pa ra l l e l laminations on weathered surfaces. Thin layers of shales and 
argillaceous carbonate mudstones covering the breccia beds display 
large scale mud cracks measuring upto 13 cm across. The calcareous 
s i l t s tones occur in the form of lenses showing channelled bases which 
are occasionally loaded. These lenses show) in general? a westward 
increase in thickness which ranges from a few centimetres in the scarp 
north of Singoli to a few metres in the scarp near Dhaulji Ka Kherai and 
Fatehpur, and averages 50 cm for the whole un i t . The lenses extend 
l a t e ra l ly for a distance of a few metres to a few tens of metres depend-
ing upon thei r thickness. Internally? the lenses are thinly-laminated 
showing a l te rna te dark and light red laminae. The laminations are 
generally para l le l and even but wavy para l l e l lamination ( r ipple lamina-
t ion) and micro cross-lamination occur frequently. The micro cross-
laminated units? generally less than 5 cm thick? occur in cosets and the 
foresfet laminae in the superjacent units of a coset dip in opposite 
directions giving r i se to "herringbone" pa t te rn . The lenses frequently 
contain small intraformational flat pebbles and occasionally show 
convolute lamination? pit t ing? flame- and pul l -apar t s t ruc tures . The 
f la t pebble breccia occurs also in the form of lenses which have 
channeled bases. In thickness and la te ra l extent? these lenses are 
28 
comparable to the above described calcareous s i l t s t one lenses. Flat 
pebbles comprising breccia lenses are locally derived from the under-
lying shales or argillaceous carbonate mudstones. 
Unit Bj on the average 12 m thick} comprises essent ia l ly red 
s i l t y shales with a few intercalat ions of olive shales and red and olive 
s i l t s tones towards i t s top. The red s i l t y shales are highly micaceous 
and massive) and they weather into small blocks along closely spaced 
j o in t planes. They often show well developed mud cracks. Laminations^ 
both in the red and olive shales? wherever visible? are para l le l and 
even but sometimes crinkled due to micro-rippling. Unit B is the only 
part of the formation which ent irely lacks sandy or s i l t y lenses. The 
s i l t content increases upward in this unit and hence? the succeeding 
unit (unit C) is mainly s i l t y . 
Unit Cj on the average 24 m thick? comprises essent ia l ly red 
s i l t s tones with fewer bands of red s i l t y shales and occasional lenses 
of s i l t y sandstones. The red s i l t s tones are highly micaceous? and 
occur in a few metres-thick bands which internal ly show ripple 
laminations. The s i l t s tone bands contain thin red s i l t y shale intercala-
t ions which frequently show small polygonal mudcracks measuring 1.5 cm 
to 4 cm across . Ripple marks? mainly symmetrical with s t ra ight and 
somewhat pointed crests? are abundantly present on s i l t s tone surfaces. 
The average wave length of these ripple marks is 3 cm. Rhombic r ipple 
marks and small swash marks occur occasionally in this uni t . Lenses of 
s i l t y sandstones? generally red but occasionally greyish white to dark 
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grey» appear f i r s t in the lower part of the unit and then increase in 
thickness and frequency upward. They range from a few centimetres-thick 
micaceous s i l t s tone lenses in the lower part of the unit? to about 2 ra thick 
micaceous fine sandstone lenses near i t s top. They have sharp and channelled 
bases . The larger lenses often show strongly loaded basal surfaces which 
occasionally exhibit deformed and loaded f lu te cas t s . Each lens passes 
upward gradationally into the overlying shale or s i l t s tone band. Moreover? 
i r respect ive of i t s thickness? each lens shows? from bottom to top? a 
decrease in grain size? a decrease in thickness of i t s component beds? and 
a spectrum of sedimentary structures indicating lowering flow regimes. For 
example? an only 5 cm thick s i l t s tone lens in the Damti scarp becomes 
increasingly fine grained and dark coloured towards i t s top and shows a 
corresponding upward decrease in thickness of i t s laminae from 1.5 cm to 
0 .1 cm. Concomitantly? amplitude of micro-rippling shown by laminae also 
decreases upward resul t ing in even laminations at the top of the s i l t s t one 
lens . Similarly? on a larger scale? a 2 m thick fine sandstone lens in 
the scare near Ladpura also shows upward fining of i t s grain s ize together 
with upward decreasing bedding thickness which ranges from 50 cm at the 
base to a few centimetres at the top. At the same time? sedimentary 
s t ructures within this lens range from f la t bedding with part ing lineation 
at the base through c ross -s t ra t i f i ca t ion in the middle to pa ra l l e l and 
even laminations at the top. 
Unit D? forming the top of the formation and on the average 
18 m thick? is characterised? in general? by f laser bedding? black 
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colour and high mica content. I t is charac te r i s t ica l ly developed and 
thickest) more than 30 ra? in the Menal water f a l l section but thins out 
both towards the southeastern and northwestern margins of the area. The 
unit is characterised by an i r regular ly inter laminated sequence of fine 
sandstone and shale (Plate I) Figs. F, G) in which incomplete mud cracks 
abound. The a l ternat ing sandstone and shale laminae wedge out rapidly 
and the i r thickness? though not uniform? averages 5 mm. The di r ty white 
fine sandstone laminae are generally very i r regular and resemble tiny 
sand ripples and thus the bedding seldom appears s t r i c t l y pa ra l l e l but 
instead is generally l en t icu la r . The interlaminated shales are highly 
micaceous and generally black coloured but occasionally olive and red. 
Ripple marks occur profusely on the bedding surfaces of sandstone laminae 
and belong to various types of which the symmetrical ones are most common? 
but asymmetrical and rhombic var ie t ies also occur frequently. The 
cres t s of the r ipple marks? mostly straight? are generally rounded to 
occasionally sharp. The wave length? the amplitude? and the index of 
r ipp le marks average 7 cm? 15 mm? and 5 respect ively. Small swash marks 
and r i l l marks are occasionally seen on the bedding surfaces. 
The lenses? interbedded within the interlaminated sandstone-
shale sequence of this unit? comprise red to grey? micaceous and fine 
grained sandstones. They show sharo? channelled and loaded bases cut t ing 
into the underlying interlaminated sandstones and shales? but thei r upper 
contacts are gradational with the overlying interlaminated sandstones and 
sha l e s . The sandstone lenses are on the average 2 m thick and extend 
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l a t e ra l ly for tens of metres. Each lens shows a "fining-upward" sequence 
consist ing of thin-bedded and massive-appearing basal part which occasionally 
shows convolute laminations. The basal part is overlain by very thin-
bedded* r ipple cross-laminated or r ipple laminated sandstones showino 
abundant r ipple marks on the i r bedding surfaces. The "fining-upward" 
sequence ends with para l le l laminated s i l t y sandstones and s i l t s tones in 
which shale intercalat ions also appear? and thus a sandstone lens gradationally 
merges into interlaminated sandstones and sha les . 
In a l l the sections studied? Sirbu Shale? with decreasing shaly 
content and increasing sandy content passes gradationally into the over-
lying Bhander Sandstone. 
Bhander Sandstone 
Bhander Sandstone occurs as a thin capping over the more or 
less arcuately trending Sirbu Shale scarp (Fig. 2 ) . The sandstone 
cappino has given r i se to an essent ia l ly f la t platform on which outcrops 
of the formation abound barring some soil-covered areas . 
This formation has an intercalated-conformable contact (Krumbein 
and Slossj 1963? p . 304) with the underlying Sirbu Shale. As mentioned 
ear l ier? the uppermost unit (unit D) of Sirbu Shale is re la t ive ly more 
sandy than the preceding lower units inasmuch as sandy layers appear 
frequently as interlaminae within shales and occasionally as thick 
len t icu lar bodies. Traced upward? the sand content of the sequence 
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increases steadily as sandstone interlamlnae and lenses within shales 
thicken. Concomitantly, the shale inter laminae decrease in frequency 
and thickness upward? and finally? Sirbu Shale passes into Bhander 
Sandstone. Therefore? it is obviously difficult to demarcate the 
boundary between the two formations. However? the task becomes easy 
where pronilnent lenticular sandstone bands (3 m and more thick) are 
present and which are not overlain by any significant shale band. In 
this setup the contact is placed at the base of such lenticular bands. 
This situation generally holds good for the southern part of the scarp 
extending from Utain to Bishengarh. In the southwestern and north-
western parts of the scarp? from Dhaulji Ka Khera to Utain? the lenticular 
sandstone bands are less conspicuous and frequently missing and the 
contact between the two formations has to be placed at the top of the 
last prominent and persistent shale band in the zone of gradation. 
Complete sections of Bhander Sandstone are not available in the 
area since its top is universally erosional. The true thickness of the 
formation? hence? cannot be measured directly. The preserved thickness 
of the formation along the scarp face is generally very small and ranges 
from 4 m in the scarp north of Singoli to 23 m near Chittoria. However? 
an estimate of the minimum thickness of this formation preserved in the 
study area can be made by indirect means from the position of its basal 
contact in the different parts of the area. The maximum elevation of 
this contact is about 548 m at Jognia Mata in the southwestern part of 
the scarp. From here the boundary slopes down when followed along the 
scaro both in the eastern and northern directions. However? the maximum 
PLATE I I 
UNIT B (50m) 
UTHOLOGY.. MAINLY LATERALLY AND VERTICALLY COALESCENT CHANNEL 
SANDSTONE BODIES SHOWINO ^*FtNINQ - UPWARD" INTERNAL ORGANIZATION. 
STRATIFICATION.^ LENTICULAR -, AND CROSS -STRATIFICATION. 
SEDIMENTARY STRUCTURES.^ LAROE SCALE PLANAR AND TROUGH 
CROSS- STRATIFICATION ABUNDANT. SYMMETRICAL AND ASYMMETRICAL RIPPLE 
MARKS COMMON. 
PREDOMINANT COLOUR.- REDDISH-WHITE TO WHITE 
mS 
//////// //7T. 
3 ^ C 
36S^S5SB^ 
UNIT A (100 m) 
LITHOLOOY.^ VERY FINE SANDSTONE. OLIVE AND RED SHALE INTERCALATIONS 
COMMON. LARGE LENSES OF CHANNEL SANDSTONE SHOWING "FINING-UPWARD" 
INTERNAL ORGANIZATION. 
STRATIFICATION.- VERY THIN-BEDDED, RIPPLE LAMINATED AND MICRO CROSS-
LAMINATED IN THE LOWER PART. IN THE UPPER PART, MOSTLY THINLY 
LAMINATED AND FLAT-BEDDED WITH THIN DARK LAYERS OF HEAVY MINERAL 
CONCENTRATION. 
SEDIMENTARY STRUCTURES.- SMALL RIPPLE MARKS ABUNDANT, 
MOSTLY SYMMETRICAL TYPE, ASYMMETRICAL AND RHOMBIC TYPES COMMON. 
MUD CRACKS ON SHALY INTERCALATIONS, SHALE PEBBLES COMMON. 
PARTING LINEATION, FLAT-TOPPED RIPPLE MARKS COMMONLY ASSOCIATED WITH 
FLAT-BEDDED SANDSTONES. SINGLE SETS OF LARGE SCALE PLANAR AND 
TROUGH CROSS- STRATIFICATION COMMON IN THE UPPER PART. 
PREDOMINANT COLOUR." RED TO REDDISH-WHITE. 
FIG.6.- GENERALIZED STRATIGRAPHIC SEQUENCE OF BHANDER 
SANDSTONE IN MANDALGARH-SINGOLI AREA. 
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slope of the boundary is towards north-northeast where it goes down to 
less than 305 m elevation near Megha Ki Jhonpria> located a few miles 
away from the northeastern margin of the area. The northeasterly slope 
of the boundary implies that the preserved thickness of Bhander Sandstone 
should increase in the same direction. Actually it is so as shown by 
the fact that near Banka> Bhander Sandstone is at least 150 m thick. 
In order? therefore? to study in detail the lithologic and 
sedimentary characters and their variability in time and space? twelve 
sections exposing part-sequence of Bhander Sandstone were measured. 
Eleven of these lie along the scarp face and one at Menal. Moreover? 
the entire Bhander Sandstone platform was also covered by taking closely-
spaced traverses. On the basis of the aforesaid study? the Bhander 
Sandstone sequence has been vertically divided into two units? A and 
B (Fig. 6). 
Unit A is exposed in the outer belt of the Bhander Sandstone 
platform fringing the Sirbu Shale scarp. It is about 100 m thick and 
is formed of two distinct rock assemblages or facies - "sheet" sandstone 
facies and "channel" sandstone facies - which markedly differ in sedi-
mentary characters. The two facies are mutually exclusive as the sheet 
sandstones are predominant in the unit A sequence of the northwestern 
and southwestern parts of the platform where channel sandstones are 
either absent or very little developed. On the other hand? the eastern 
part of the platform? especially near Lalgunj? shows a far greater 
development of channel sandstones at the expense of sheet sandstones. 
PLATE I I 
PHOTOGRAPHS SHOWING LITHOLOGIC AND SEDIMENTARY CHARACTERS 
OF BHANDER SANDSTONE 
F i g . A.- Ripple laminated shee t sandstone (lower p a r t of Unit A) 
Bhander Sandstone) exposed near Ladpura. 
F i g . B , - Micro cross-laminatQd sheet sandstone (lower p a r t of 
u n i t Aj Bhander Sandstone) exposed near Damti. Micro 
c ross - l amina ted s e t s aopear as " r ib-and-fur row" on the 
upper bedding s u r f a c e . 
F i g . C - A pape r - t h in sha le pebble layer a s soc i a t ed with very t h i n -
bedded sheet sandstone ( u n i t A, Bhander Sands tone) . Most 
of the pebbles have been removed and a re now represen ted 
by very shallow rounded and e l l i p t i c a l p i t s . 
F i g . D.- Interbedded f la t -bedded and micro c ross - lamina ted sheet 
sandstones (upper p a r t of uni t A, Bhander Sandstone) exposed 
near Nayanagar. 
F i g . E . - Massive channel sandstone ( u n i t Aj Bhander Sandstone) 
exposed in a stream gorge c u t t i n g across the scarp near 
La igun j . 
F i g . F . - Mud-cracked» very thin-bedded to laminated s i l t y sandstone 
forming the top of a "fining-upward" channel sandstone 
sequence ( u n i t B, Bhander Sandstone) exposed in the scarp 
near T i k h i . 
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The sheet facies comprises dark red to reddish white*, micaceous 
and very fine grained or s i l t y sandstones which appear rust-coloured on 
weathering. These sandstones occur characteristifcally as a very thin-
bedded sequence in which pers is tent and sheet- l ike beds are generally 
5 cm and less thick. The sheet sandstones are r ipple laminated or r ipple 
cross-laminated in the lower part of the uni t . Ripple laminated beds 
show wavy bedding due to superimposed undulating laminae (Plate IT» 
Fig. A). Ripple marks of small s ize (average wave length = 3.5 cm) abound 
on the upper surfaces of these beds. They are generally symmetrical? but 
s l igh t ly asymmetrical and rhombic types also occur frequently. Ripple 
c res t s are long and s t ra ight to s l igh t ly curved and branching? and 
generally show rounded or flattened tops. Ripple cross-laminated beds 
display abundant small trough cross-lamination appearing as rib-and-furrow 
on the upper bedding surfaces (Plate I I j Fig. B). The cross-laminated 
se ts are upto 5 cm thick and occur in cosets upto 1 m thick. Occasionally 
very small rib-and-furrow is seen within the troughs of r ipple marks 
oriented pa ra l l e l to thei r c r e s t s . Ri l l marks and small swash marks 
occur occasionally on the upper bedding surfaces of sheet sandstones. 
The sheet sandstones contain thin intercalat ions of olive and red shales 
and s i l t s tones which sometimes show miud cracks of both complete and 
incomplete types. Some of the sheet sandstone bedding surfaces show 
rounded and e l l i p t i c a l very shallow p i t s in abundance and occasional 
shale pebbles which appear to be the remnants of a thin and extensive 
shale pebble layer (Plate II» Fig. C). 
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Higher up in unit A, sheet sandstones become flat-bedded 
(Pla te II» Fig. D). Flat beds at f i r s t appearing occasionally> become 
predominant towards the top of the unit where r ipple laminated beds 
completely disappear and r ipple cross-laminated ones are reduced to 
1 cm and less thick laminae. Flat-bedded sandstones showing part ing 
l ineat ionj occur in a few centimetre-thick beds which are internal ly 
th inly laminated exhibiting purple and black streaks para l le l to 
bedding. Where parting lineation is absent) the upper bedding surfaces 
of flat-bedded sandstones show flat-topped r ipple marks which have been 
planed-off to such an extent that they posses very l i t t l e r e l i e f and 
appear as t r aces . Their crests are almost s t ra ight} and very long and 
extensive. The dominantly flat-bedded upper part of unit A sheet 
sequence also contains generally single sets of large-scale planar and 
trough c ross - s t ra t i f i ca t ion j and rarely simple c ros s - s t r a t i f i c a t i on . 
The channel facies of unit A consists of reddish white to 
greyish white fine sandstones occurring as lent icular bodies enclosed 
within the sheet sandstones. These lent icular bodies show a cyclic 
association with the sheet sandstones and become progressively larger in 
s ize upward. Considering the i r areal distr ibution? the channel sandstones 
a re developed occasionally as thin lent icular bodies (1.5-5 m thick and 
9-30 m in la te ra l extent) at the northwestern edge of the platform? and 
almost absent from the southwestern edge near Fatehpur and Gulenda, In 
the northeast and east directions from the southwestern edge of the 
platform) size of channel sandstone bodies increases to the extent that 
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they become 15 m thick at Menal and 23 m at Lalgunj (Plate II> Fig. E) . 
Each lent icular sandstone body shows a truncated and discon-
forraable basal contact and a gradational upper contact with the underlying 
and overlying sheet sandstones. Laterally? the lent icular bodies pinch 
out and sometimes s p l i t and show intertonguing relat ionship with the 
sheet sandstones. A strong internal organisation in the form of a 
"fining-upward" sequence is charac ter i s t ic of sandstone bodies. Each 
such sequence is marked by an upward decrease in bedding thickness and 
grain size? and also by an upward change in sedimentary structures 
indicat ing lowering flow regimes from bottom to top. A generalized 
"fining-upward" sequence commences with massive-appearing sandstones 
which normally do not show any internal s t ructure except convolute 
laminations which are discernible on few weathered surfaces. Massive 
sandstones showing lenticular and wavy bedding? are thin-bedded and 
occasionally thick-bedded as the i r bedding thicknesses generally range 
from 25 to 60 cm (average = 40 cm) and rarely upto 120 cm. Their bedding 
surfaces are generally devoid of sedimentary structures but some of them 
exhibi t abundant scour marks and occasional symnetrical and asymmetrical 
r ipp le marks of 7 cm average wave length. Generally thinly cross-
s t r a t i f i e d and occasionally flat-bedded sandstones occur interbedded 
with massive sandstones. The thinly c ross - s t r a t i f i ed interbeds consist 
of 4 to 30 cm thick planar c ross - s t r a t i f i ed sets which generally occur 
singly and rarely in cosets . In some sets> the cross-s t ra ta are deformed 
and l i thological ly heterogeneous showing shaly in te rca la t ions . Profusely 
c ro s s - s t r a t i f i ed sandstones overlying the massive sandstones form the 
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middle part of the "fining-upward" cycle. They are generally thinly 
c ros s - s t r a t i f i ed and show both planar and trough c ross - s t ra t i f i ca t ion 
occurring mostly in cosets . The thinly c ross - s t r a t i f i ed sandstones 
with the decreasing scale of c ross - s t r a t i f i ca t ion j gradually pass upward 
into r ipple cross-laminated and r ipple laminated sheet sandstones which 
complete the "fining-upward" cycle . 
Unit B of Bhander Sandstone? on the average 50 m thick and 
exposed in the in ter ior part of the platformj consists almost exclusively 
of channel sandstones? occasional flat-bedded sheet sandstones and rare 
simple c ross - s t ra t i f i ed sandstones. The channel sandstones? reddish 
white to greyish white in colour and fine grained? form an extensive 
and thick sequence owing to l a t e ra l ly and ver t i ca l ly coalescent sandstone 
bodies which are well-displayed in the scarp near Tikhi. Each channel 
sandstone body is characterized by a "fining-upward" cycle similar to 
one already described. Several such cycles are present but they are 
rare ly complete since most of the unit B sequence consists of massive 
and c ross - s t r a t i f i ed sandstones. The sheet sandstones forming the top of 
"fining-upward" cycles are rarely present. However? where present? they 
are easily recognised by the i r charac ter i s t ic features such as r ipple 
cross-lamination with occasional "herringbone" pattern? ripple lamination? 
small r ipple marks of mostly symmetrical and rarely asymmetrical types? 
and intercalat ions of thinly-laminated mud-cracked shales and s i l t s tones 
(Plate II? Fig. F) . 
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In the northeastern part of the platform) unit B is mostly 
exposed on more or less f la t ground between Bijol ia and Banka and 
comprises essent ia l ly thinly trough c ross - s t r a t i f i ed sandstones with 
some interbeds of massive and planar c ross - s t r a t i f i ed sandstones. For 
the most part) the thinly trough c ross - s t r a t i f i ed sandstones are seen in 
detached outcrops but at Bijol ia and Khandna Ki Dhani) they show 
continuous exposures for considerable distance and the i r geometry thus 
could be ascertained. They occur in l inear bodies) a few hundred 
metres-wide and several hundred metres-long. At both the above mentioned 
places) the l inear bodies are elongated in the north-northeast - south-
southwest d i rect ion. Ripple marks occurring in unit B sandstones near 
Bijolia show many charac te r i s t ic features. They occur in two sets marked 
by a d i s t inc t s ize difference. The larger r ipple marks of 25 cm average 
wave length are asymmetrical and show breached c r e s t s . The smaller r ipple 
marks with 6 cm average wave length are symmetrical to s l igh t ly asymmetrical 
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and generally flat-topped. They occur superimposed at 90 on larger r ipple 
marks. More or less e l l i p t i c a l scour marks ( f lu te marks)) sometimes quite 
large) are occasionally present and at Bijol ia) they measure 1.7 m to 8 m 
along the i r long axes and are symmetrically and concordantly f i l l e d . 
CHAPTER II 
SEDIMENTARY STRUCTURES 
Structures like cross-stratification and ripple mark were 
described two centuries back as characteristic of sedimentary rocks. 
Subsequently? attempts were made to relate sedimentary structures to 
specific agents and environments of deposition which did not meet with 
much success. Hence? most workers now agree to internret sedimentary 
structures in the light of hydrodynaraic conditions attending their 
formation without reference to specific agents and environments. 
Sedimentary structures have also received much attention in connection 
with paleocurrent analysis and reconstruction of paleogeography. 
All the formations of Bhander Group in the study area are rich 
in sedimentary structures which have been studied and measured systema-
tically with a view to (1) reconstruct the sediment dispersal pattern? 
(2) infer the basin configuration? (3) determine the hydrodynamrc 
conditions attending their formation? and (4) decipher the environment 
of deposition of the sediments under study. 
Individual sedimentary structures have been studied and classified 
on the basis of the^r morphology and? to a limited extent? genetically 
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by seve ra l workers (Kindle and Bucherj 1932J Evansj 19415 Stokes? 
1947; Van S t r a a t e n , 1951, 1953; McKee and Weir, 1953; Crowell , 1955; 
Ke l l ing and Walton, 1957,; Kuenen, 1957; Sanders , I960; Tanner, I960, 
1963a; Al l en , 1963a, 1963b, 1964, 1968; Walker, 1963; Jopl ing and 
Walker, 1968). Of l a t e , sedimentary s t r u c t u r e s have been c l a s s i f i e d 
according to the hydrodynamic condi t ions a t t e n d i n g t h e i r formation 
(McKee, 1957a, 1965; Simons and Richardson, 196i; Simons e t a l . , 
1961, 1965; Al len , 1963c; Jop l ing , 1963, 1966; Fahnestock and 
Maddock, 1964; Harms and Fahnestock, 1965; Visher , 1965). In s p i t e 
of these c r e d i t a b l e a t tempts an agreed and comprehensive c l a s s i f i c a t i o n 
of sedimentary s t r u c t u r e s has not been evolved so fa r , p a r t l y because 
of the use of d i f f e r en t terminology by var ious workers and p a r t l y due to 
t h e lack of agreement on the or ig in of c e r t a i n s t r u c t u r e s . In view 
of these d i f f i c u l t i e s , the c l a s s i f i c a t i o n proposed by P o t t e r (1963) 
has been adopted in a modified form for the purpose of the p resen t 
study (Table 3) as i t can be appl ied r e a d i l y to ancient rocks and has 
the added advantage of being useful for pa leocur ren t a n a l y s i s . 
TABLE 3 . - CLASSIFICATION OF SEDIMENTARY STRUCTURES OF STUDY AREA 
DIRECTIONAL STRUCTURES 
One-way S t ruc tu re s Two-way S t ruc tu res 
C r o s s - s t r a t i f i c a t i o n Symmetrical r i p p l e mark 
Asymmetrical r i p p l e mark P a r t i n g l i nea t ion 
F l u t e ca s t and f l u t e mark Groove cas t 
Cur ren t -drag s t r u c t u r e Swash mark 
R i l l mark 
NON-DIRECTIONAL STRUCTURES 
Due to Soft Sediment Due to Subaerial Due to Organic 
Deformation Exposure Activity 
Load structure Mud crack Algal mat structure 
Ball-and-pillow structure 
Convolute lamination 
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In the following pages? the sedimentary structures of Bhander 
Group have been described according to the c lass i f ica tory scheme shown 
in Table 3 . However? the various kinds of r ipple marks showing diverse 
morphological characters and? therefore? fa l l ing under separate heads? 
have been described together for the sake of convenience and in the 
in teres t of continuity. 
DIRECTIONAL STRUCTURES 
Cross-s t ra t i f ica t ion 
General statement.-
Cross-s t ra t i f ica t ion has been variously named cross-bedding? 
current-bedding? diagonal bedding and so forth (for a full l i s t of 
synonyms see Shrock? 1948? p . 242)? a l l of which imply the essent ia l 
idea of deposition at an angle to the principal surface of accumulation. 
McKee and Weir (1953? p . 382) defined a cross-stratum as "a single layer 
of homogeneous or gradational lithology deposited at an angle to the 
original dip of the formation". The single sedimentation unit within 
which the cross-s t ra ta have a consistent orientation or original dip is 
cal led a " se t " . Such sets can occur singly or in a group of two or more 
forming a "coset" . 
The important a t t r ibu tes of c ross - s t ra t i f i ca t ion are (1) scale 
(thickness of c ross - s t ra t i f i ed units)? (2) Inclination (dip angle of 
c ross - s t r a t a with resoect to the true bedding) and (3) the dip azimuth 
of the c ross-s t ra ta and i t s v a r i a b i l i t y . 
42 
The scale of c ross - s t ra t i f i ca t ion has been demonstrated to be 
di rect ly proportional to the height of subaqueous aand wave/ripple and 
is thus determined by the specific flow conditions (Brush) 1958), The 
c ross - s t r a t i f i ca t ion thickness is also believed to be genetically related 
to the depth of water in the depositional environment (Allenj 1963a)) 
to ta l discharge and sediment supply (see Kellingj 1969). The scale of 
c ross - s t r a t i f i ca t ion may not be genetically s ignif icant in ancient 
sediments because the observed thicknesses may represent only the 
erosional remnants of original thicknesses (Potter and Petti johnj 1963? 
p . 80) . However) the frequency dis t r ibut ion of thicknesses of cross-
s t r a t i f i e d units may) in some caseS) ref lec t the environment of deposition 
(Klein) 1970a) p . I H B ; Swett e t _ a i . , 1971) p . 403). 
The dip angle of the cross-s t ra ta is influenced by several factors? 
such as texture and moisture content of the sediment population? flow 
charac te r i s t i c s ) and probably the agent or environment of deposition 
(Van Burkalow) 1945; McKee) 1957a; Jopling) 1963) 1965; Allen) 1965) 
197o; Imbrie and Buchanan? 1965; Miller and Byrne) 1966; Carrigy? 
1970) . 
The foreset dip azimuth and i t s va r i ab i l i t y i s controlled by 
the direction and consistency of current flow and) therefore) may ref lec t 
the basin slope and/or the environment of deposition (see Potter and 
Petti john) 1963) p . 81-87; Klein? 1967b). 
Among the various a t t r ibu tes of c ross - s t r a t i f i ca t ion mentioned 
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above? scale and inclination have been discussed within the limits of 
th is chapter whereas var iab i l i ty of din azimuth has been described in 
Chapter V in connection with the interpretat ion of sediment dispersal 
pa t t e rns . 
Several c lass i f ica t ions of c ross - s t ra t i f i ca t ion have been 
proposed from time to time (see Potter and Pett i johnj 1963? p . 71) using 
various c r i t e r i a l ike the shape and incl inat ion of cross-s t ra ta jna ture 
and shape of lower bounding surface of c ros s - s t r a t i f i ed units? and the 
hydrodynamic and environmental conditions of deposit ion. In the oresent 
study? the c lass i f icat ion proposed by McKee and Weir (1953) has been 
adopted in view of i t s ready appl icabi l i ty to ancient sediments. 
The origin ot c ross - s t ra t i f i ca t ion has been studied by several 
workers (see Allen? 1963b)? and presently i t is believed that the 
s t ruc ture is generally formed by the migration of large-scale asymmetrical 
dunes or megaripples? bars and ridges in several diverse environments^ 
such as those of fluvial and t i da l channels? in te r t ida l sand f la ts and 
beaches? e t c . (Van Straaten? 1954b» Reineck? 19585 Allen? 1963a? bj 
Harms and Fahnestock? 19655 Klein? 1970aj Davis et. al..? 1972). Some 
workers (Knight? 19295 Shrock? 19485 McKee? 1957b) have suggested that 
trough c ross - s t ra t i f i ca t ion may be a product of scouring and f i l l i n g . 
In a subsequent chapter (Chapter IV) the environmental and 
genetic interpretat ion of c ross - s t r a t i f i ca t ion of the study area has been 
attempted in the light of depositional framework deduced from several 
l ines of evidence. 
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PLATE I I I 
PHOTOGRAPHS OF CROSS-STRATIFICATION 
Fig . A.- Bedding plane view of micro cross-lamination in a s i l t y 
interbed within unit A of Ganurgarh Shale, Micro 
cross- lamination appears as very small "rib-and-furrow". 
F ig . B,- Cross-sectional view of micro cross-lamination in a 
carbonate interbed within unit A of Sirbu Shale, The 
micro cross-laminated set is 4 cm th ick . Note solution 
effects along foreset planes and bounding surfaces of 
th e s e t , 
Fig. C - Bedding plane view of micro cross-lamination appearing 
as "rib-and-furrow" in the very thin-bedded sheet sand-
stone of unit A of Bhander Sandstone. 
Fig. D.- Planar c ross -s t ra t i f i ca t ion in the channel sandstone of 
unit A of Bhander Sandstone exposed near the Menal temple, 
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Types of cross-stratificqtion.-
Four distinct types of cross-stratification occur in the study 
area. Three of these are large-scale cross-stratification since their 
set thicknesses exceed 4 cm (Allen, 1968j p. 100) and are classified 
as simplei planar, and trough types after McKee and Weir (1953). The 
fourth type is a distinctive small-scale trough cross-stratification 
(set thicknesses less than 4 cm, Allen, 1966) which nay be designated 
micro cross-lamination after HamblIn (1961a, b). 
In the lower three formations of the study area, namely, 
Ganurgtrb Shale, Bhander Limestone and Sirbu Shale, large-scale cross-
stratification is entirely absent. However, micro cross-lamination 
is developed occasionally (Plate III, Figs. A, B) and is restricted to 
thin siltstone and fine sandstone interbeds where it appears as "rib-
and-furrow" (Stokes, 1953) on bedding surfaces. In 'ac' and 'be' 
sections micro cross-lamination is seen as small trough-shaped cosets 
showing erosional and curved lower bounding surfaces. In some outcrops 
cross laminae of superjacent sets are oriented at 180 thereby giving 
rise to "herringbone" structure. 
The fourth and the uppermost formation, namely, Bhander Sand-
stone is profusely cross-stratified showing micro cross-lamination as 
well as large-scale cross-stratification belonging to simple, planar, 
and trough types. Micro cross-lamination occurs in the thin-bedded 
lithofacies of Bhander Sandstone and is similar to that seen in the 
other three formations described earlier. It always occurs in cosets and 
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appears as rib-snd-furrow on the bedding surfaces (Plate III« Fig. C). 
Large-scale simple cross-stratification is associated with 
flat-bedded lithofacies of Bhander Sandstone and occurs in cosets which 
possess a non-erosional and planar lower bounding surface. Cosets 
appear wedge-shaped in all sections and contain planar cross-strata. 
Large-scale planar cross-stratification is generally associated 
with the massive-looking structureless sandstones of the basal part of 
a channel-fill (Plate III» Fig. D) and also with the flat-bedded sand-
stones. It usually occurs in single sets and rarely in cosets. In 
most large channel-fills» cross-strata within a set show regular 
overturning in a consistent direction. Sometimest planar cross-
stratified sets show lithologically heterogeneous cross-strata contain-
ing shale intercalations. This type has been designated Epsilon cross-
stratification by Allen (1963b) and is considered characteristic of a 
particular depositional environment as discussed later. 
Large-scale trough cross-stratification occurs in cosets in the 
middle part of a channel-fill and as single sets associated with flat-
bedded sandstones. Micro cross-lamination and small asymmetrical ripple 
marks frequently occur superimposed upon cross-strata and are oriented 
at 90** or obliquely to the strike of the latter. 
Thickness of cross-stratification units.-
As mentioned earlier^ only micro cross-lamination occurs in the 
sandy constituents of the lower three formations> namely^  Ganurgarh 
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Shale* Bhander Limestone/ and Sirbu Shale. Since micro'cross-lamination 
is rarely seen in cross sections* very few measurements of the thickness 
of micro cross-laminated units could be obtained (Appendix I) and* 
therefore* no quantitative study of the same was attempted. However* 
by and large* the thickness of sets of micro cross-lamination averages 
a few centimetres (less than 4 cm) in these formations. 
Likewise* not many measurements of the thickness of cross-
stratification units could be obtained from Bhander Sandstone because 
they are usually e}qf>osed on *ab' plane and rarely in cross sections. 
Moreover* in ease of trough cross-stratification* axial sections of 
sets are rarely observed. A total of 120 thickness values were 
recorded from Bhander Sandstone at 30 localities (Appendix I ) . 
The thickness values for Bhander Sandstone cross-stratification 
show a wide range* 1 cm to 200 cm and average 19.5 em (Fig. 7) . However* 
107 out of 120 values (89%) l ie within the 1 cm to 30 cm range. The 
frequency distribution of set thicknesses is multimodal with the primary 
mode falling in the 0-? em class. This multimodal frequency distribution 
of set thicknesses is similar to that reported from the Recent intertldal 
sediments of the Minas Basin of the Bay of Fundy* Nova Scotia (Klein* 
1970a)* and from the Eriboll Sandstone (Cambrian) of Northwest Scotland 
for which a tidal origin has been inferred (Swett fit 2i«» 1971). 
Inclination of cross-strata.-
Due to paucity of well exposed cross-laminae and trough axes of 
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micro cross-lamination} very few measurements of inclination could be 
made in the lower three formations of the study area in which inclination 
values range from 12 to 23 and average 18 (Appendix I D . No quanti-
tative analysis of inclination values was possible due to insufficient 
data. 
The profusely cross-stratified Bhander Sandstone yielded a total 
of 460 inclination values from 69 localities (Appendix I D . These values 
were recorded from the foreset planes of planar cross-stratification and 
from rarely exposed trough axes. The inclination values range from 3 to 
39 and average 17 for the entire formation. The frequency distribution 
of inclination values grouped in S -degree classes is almost unimodal and 
more or less symmetrical (Fig. 8 ) . The mode falls in the 15 -20 class and 
contains 140 values out of a total of 460 values (30%). However} 
inclination values within the range of 10 to 25 are most frequent and 
constitute nearly 60^ of the whole population. These values are at 
variance with those suggested for eolian cross-strata (generally higher 
than 30 ) by HcBride and Hayes (1962)} and for fluvial cross-strata 
(generally ranging between 25 -30 ) by Lane (1963). 
The generally low inclination values} thin setS} and multimodal 
frequency distribution of set thicknesses of Bhander Sandstone cross-
stratification may be the products of extensive rew»rking of sediments as 
suggested by Klein (1970a) on the basis of his observations of Recent 
intertidal sediments. These investigations have demonstrated that 
bedforms (dunes and ripples) migrate only during one phase of the tidal 
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cycle (constructional phase)i and in the other phase (destructional 
phase) they are subjected to erosionf rounding and reworking resulting 
in low dip angles and thin sets of cross-strata. The alternating 
constructional and destructional processes also give rise to multimodal 
frequency distribution of the set thicknesses and dip angles of cross-
strata. 
Ripple Marks 
General 9\^%^^nt... 
Ripple marks) seen on bedding surfaces in the form of low ridges 
separated by shallow troughs* are a Tery commonly occurring sedimentary 
structure and form in all the major environments in noncoherent granular 
material subaqueously by wave action and both subaqueously and sub-
aerially by unidirectional wind or water currents. Ripple marks have 
been studied extensively and much of the published literature has been 
summarized by Potter and Pettijohn (1963» p. 89-98). 
The important attributes of ripple marks are wave lengths 
amplitude* ripple index* symmetry* and crest orientation. The size of 
a ripple is determined by its wave length and amplitude and both of them 
are controlled by the grain size of the sediments in which the ripples 
form* and by the wave strength and/or current velocity of the depositing 
medium (Bucher* 1919* p. 156 and 159; Evans* 1942* p. 31* Inman* 1956* 
p. 522* McKee* 1965* p. 71). An increase in any of these factors 
produces ripples with greater wave lengths and amplitudes. Wave length 
of subaqueous ripples is also believed to be affected by the depth of 
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water (Kindle, 1917, p. 28-29; Bucher, 1919, p. 189, 245; Evans, 1942, 
p. 32; Tanner, 1959a, I960). Some workers have suggested the possibility 
of differentiating aeolian ripples from subaqaeous ripples on the basis 
of ripple index (Kindle and Bucher, 1932; Shrock, 1948; Pettijohn, 
the 
1957). However, in/case of ripple marks of the study area, their 
amplitude and ripple index data may not be, by and large, reliable in 
view of their generally flat-topped nature. 
The symmetry of a ripple is described by comparing its stoss 
and lee slopes; if the two are equal the ripple is symmetrical but 
when the lee slope steepens the ripple acquires asymmetry. Most workers 
differentiate ripple marks as wave-formed or current-formed on the 
basis of asymmetry. The last attribute of a ripple mark, the orientation 
of its crest is used in paleogeographic and paleocurrent reconstructions 
as majority of the ripple crests have been found to either parallel 
bathymetric sones or be oriented 90 to the current direction. Whereas 
discussion of this attribute of the studied ripple marks has been 
deferred to a subsequent chapter ((^apter V), the other attributes have 
been dealt with here. 
Classification of ripple marks has been attempted on the basis 
of several criteria,such as symmetry, size, appearance in plan view, 
orientation with respect to current direction, and presumed hydrodynaraic 
conditions of formation (Kindle, 1917; Bucher, 1919; Van Straaten, 
1953; Allen, 1963a, 1968). The simple classification given in several 
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authoritative text-books (e.g.) Dunbar and Rodgers) 1957) has been 
employed for the ripple marks under study because it can be applied to 
ancient sediments without any controversy. This classification 
recognizes three types of ripple marks? symmetrical? asj/mmetrical and 
interference. 
The symmetrical ripples? synonymously termed oscillation ripples? 
are generally believed to form where waves agitate the bottom in the 
absence of currents. They are formed upto the depth of effective wave 
action. Asymmetrical ripples? called synonymously current ripples? 
are generally regarded to originate by both wind and water currents. 
Their crests are generally oriented across the currents and their lee 
slopes are steeper than • their stoss slopes. Aeolian current 
ripples? being ephemeral? are rarely preserved. The generalization that 
symmetrical ripples are always wave-formed and asymmetrical ones 
invariably current-formed has been recently challenged by several 
workers. Their investigations have revealed that many wave-formed 
ripples are asymmetrical (Evans? 1941? p. 37? Kuenen? 1950? p. 289) 
whereas some of those foxmed by current action are symmetrical (Van 
Straaten? 1953? p. 1). Interference ripple marks are formed due to 
the interaction of waves or currents (Kindle and Bucher? 1932? Van 
Straaten in, Dunbar and Rodgers? 1957? p. 189). 
Ripple marks of study area.-
Ripple marks are profusely developed in the study area in all 
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PHOTOGRAPHS OF RIPPI£ MARECS 
Fig. A.- Small symmetrical r ipple marks in unit A of Ganurgarh 
Shale exposed near Sinqoli . 
Fig . B.- Interference ripple marks of the "tadpole nests" variety 
in unit A of Ganurgarh Shale exposed near Singoli . Note 
the e r r a t i c polygonal pattern formed by r ipple marks. 
F ig . C.- Flat-topped ripple marks in unit A of Ganurgarh Shale 
exposed near Borau. Note that r ipple crests have been 
almost completely erased and consequently the r ipple 
marks show very l i t t l e r e l i e f and appear as mere traces 
on the upper bedding surface. 
F ig . D.- Large asymmetrical r ipple marks in unit B of Bhander 
Sandstone. Note the breached crests of r ipple marks. 
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the formations of Bhander Group except Bhander Limestone. They are 
generally of small size (Plate IV| Fig. A) inasmuch as their wave 
length commonly ranges from 2 to 5 cm and rarely exceeds 9 cm. Ripple 
marks of the study area belong to three types; symmetrical) asymmetrical 
and interference. The asymmetrical ripple marks generally possess 
slight asymmetry. The interference ripple marks show two varieties) 
"tadpole nests" (Kindle and Bucher) 1932» Tanner* I960) and "rhombic" 
ripple marks (Woodford) 1935; TVrenhofel) 1950J Tanner) 1966; Klein) 
1970a). Interference ripple marks of the "tadpole nests" variety 
impart a dimpled appearance to the bedding surfaces and display an 
erratic polygonal pattern (Plate IV) Fig. B). Rhombic ripple marks are 
rhomb-shaped and the overall pattern shown by a large number of them 
occurring together "resembles the scales of a ganoid fish or surface of 
a Lepidodendron tree" (TWenhofel) 1950) p. 573). 
Ripple marks of the study area frequently show planed-off crests 
which in some cases have been completely erased. The planed-off or flat-
topped ripple marks (Tanner) 1958> I960) show l i t t l e to sometimes almost 
no relief and then appear as mere traces on the bedding surfaces 
(Plate IV) Fig. C) and it is generally not possible to find out whether 
they are the modified symmetrical ripple marks or asymmetrical ones. 
Ganurgarh Shale shows profuse development of mostly symmetrical 
and rarely asymmetrical ripple marks in certain si lty and sandy horizons 
of its Unit A. These ripple marks are frequently observed in two sets 
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on the same bedding surface which are generally oriented at 90 and 
show a distinct size difference inasmuch as the larger ripple marks 
possess an average wave length of 5 em and the smaller ones of 0.5 era. 
Interference ripple marks of the "tadpole nests" variety are abundantly 
but locally developed on some bedding surfaces. A characteristic 
feature shown by ripple marks of the formation is that within short 
distances they either change from one type to other or disappear. Flat-
topped ripple marks are quite common in unit A of Ganurgarh Shale. 
Bhander Limestone is generally deficient in sedimentary 
structures and shows occasionally occurring ripple marks. Majority 
of the ripple marks are of symmetrical type with almost straight and 
subparallel crests. Like Ganurgarh Siale^ this formation also shows 
two sets of ripple marks with a distinct size difference and oriented 
at 90 . The smaller oneS) generally flat>toppedi show an average wave 
length of 3 cm and the larger ones possess an average wave length of 
13 em. Rhombic ripple marks are rarely present and they measure} on 
the average) 5 em along their long axes and 3 cm along short axes. 
In Sirbn Shale? ripple marks occur abundantly associated with 
silty and sandy interbeds of unitsC and D of the formation. Ripple 
marks of unit C are exclusively of syrunetrical type and show almost 
straight and parallel crests which are somewhat pointed. In unit D} 
ripple marks are of various types* the symmetrical ones being the most 
common followed by asyometrical and rhombic varieties. The ripple 
crests in this unit are generally rounded. 
53 
Considering the vertical variation in the ripple mark size 
through the Sirbu :9iale sequence? rippling is seen on a very small 
scale in unit B and appears as tiny crinkling of the bedding surfaces. 
In the overlying unlt» unit C> ripple marks possess an average wave 
length of 3 cm. Higher up^  in unit D» wave length averages more than 
3 cm. Thus the size of ripple marks increases in general upward in 
the formation. For the entire Sirbu Shale sequence? wave length of 
ripple marks ranges from 1.5 to 10 cm (average 4 cm)* and amplitude from 
0.5 to 1 cm (average 0.7 cm). The ripple index ranges from 2.5 to 14 
and averages 6.5 (Appendix III) . 
In Bhander Sandstone? ripple marks show their most prolific 
development in the very thin-bedded sandstones of the lower part of 
unit A of the formation. Majority of the ripple marks are of symmetrical 
type but asymmetrical and rhombic varieties also occur frequently. The 
asymmetrical types show l i t t l e asymmetry and are slightly big^r in size 
than the symmetrical types as the former have an average wave length of 
3.5 cm and the latter average 6.5 cm. The crests of the ripple marksi 
both symmetrical and asymmetrical* are slightly curving and branching 
to almost straight and generally rounded^but occasionally flat-topped 
hi0)er up in unit A. Rarely? troughs of the ripple marks show small 
rib-and-furrow oriented parallel to their crests. 
In the upper part of unit A of Bhander Sandstone? flat-topped 
ripple marks are characteristically developed and occur in very thin 
micro cross-laminated layers intercalated with the flat-bedded sandstones. 
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The relationship between flat-topped ripple marks and micro cross-
lamination is well displayed in some outcrops of very thin micro cross-
laminated intercalations within the flat-bedded sandstones. In these 
exposures) on the same bedding surface* the slightly curving and long> 
crested flat-topped ripple marks show* in the downcurrent direction? 
an increase in the curvature and a concomitant decrease in the length 
of their erestSj,and finally are replaced by small cross-laminated 
troughs. Another characteristic occurrence of ripple marks is seen in 
the upper part of unit A where small symmetrical ripple marks are 
superimposed upon the foreset laminae of large cross-stratified troughs. 
Such ripple marks have their crests oriented at 90 to the strike of 
the foreset laminae and their troughs contain rib-and-furrow structure. 
The rib-and-furrow is oriented in the same general direction as the 
host troughs. Ripple marks in this unit are also associated with 
structureless and thin-bedded constituents of the channel sandstones. 
In the structureless} massive-looking sandstones they are developed 
rarely and belong to both symmetrical and asymmetrical types. They 
show more or less straight and rounded crests and their wave length 
averages 8 era. The thin-bedded constituents of channel sandstones 
show profuse development of small) generally symmetrical and rarely 
asynmietrical ripple marks. 
Ripple marks are quite common in unit B of Bhander Sandstone 
and occur in two distinct sizes* the smaller ones having an average 
wave length of 6 em whereas the larger ones average 26 cm. The smaller 
55 
ripple marks are mostly syoroetrical to slightly asymmetrical and 
generally show straight and rounded crests. Their amplitude and index 
averages 0.6 cm and 10 respectively. They frequently occur within the 
troughs of larger ripple marks and in such occurrences they are flat-
topped and show considerable asymmetry. The larger ripple marks are 
asymmetrical and show breached crests (Plate IV| Fig. D). 
For the entire Bhander Sandstone* wave length of ripple marks 
ranges from 1 to 30 cm (average 5.3 em)) and amplitude from 0.1 to 
2.4 cm averaging 0.6 cm (Appendix III). The ripple index ranges from 
5.6 to very rarely 40 and averages 10.2. Considering the vertical 
and horizontal variation of the ripple mark size in the formation^ 
majority of the ripple marks in the lower unit) unit A) possess wave 
length of 3 to 4 cm; whereas most of them in the overlying unit B 
have a wave length of 6 to 7 em. Moreover) the largest ripple marks 
(wave length upto 30 em) have been recorded in unit B. ThuS) the 
ripple mark size increases vertically upward in the Bhander Sandstone 
succession and) following the lateral distribution of the two unitS) it 
increases away from the scarp towards the interior of the platform. 
Flute Cast and Flute Mark 
Flute cast and Flute mark are structures formed by current scour) 
the former occurring on the soles) and the latter on the top surfaces of 
sandstone beds. Flute casts appear as sharp) subconical welts which 
at one end are rounded and bulbous and at the other flare out and merge 
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gradually with the sole of sandstone beds (Crowell* 1955) p. 1359). 
Likewfsei flute marks appear as "scallops" which have narrow steeply-
walled upeurrent end,and the other end gradually merges with the surface 
(Kleint 1970ai p. 1104). Flutes* though mostly decribed from turbidite 
sequences» have also been reported from sediments deposited In other 
environments (see Potter and Pettijohni 1963i p. 121). Klein (1970a) 
reported this structure from modern intertidal channels. Despite lack 
of agreement on the details of mechanism of origin* most workers agree 
that flutes are formed by turbulent current scouring (Rucklin* 1938; 
Crowell) 1955; Kuenen* 1957; Hsu* I960; Klein* 197Da). Flute casts 
are ideally preserved where the scoured material and the infilled 
material are of contrasting types. Thus* they are well preserved and 
occur very commonly in sandstone-shale sequences.. 
In the study area* flute casts occur in Ganurgarh SSiale and 
Slrbu Shale on the soles of sandy interbeds. In Ganurgarh Shale* these 
structures are very common. They are of plain type (Rueklin* 1938) 
and occur in bunches and their size varies from sole to sole. The 
larger ones range in length from 17 to 31 cm and in width from 6 to 
11 cm. The smaller flute casts are 4 to 10 cm long and about 2 cm 
wide. Some of them*e8pecially the larger ones* are twisted and loaded. 
In Slrbu Shale* flute casts are quite rare and smaller in size being 
only a few centimetres long. 
Flute marks occur quite commonly in Bhander Sandstone in the 
form of "scallops" on the bedding surfaces of structureless and massive 
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beds of tfi« cKannel sandstones of units A and B (Plate V* Fig. A). 
Current-drag Structure 
Current-drag structure occurs in the form of deformed and 
overturned cross-stratification in the study area. The structure is 
m 
named here as current-drag structure because in all probability it 
has originated due to current action as explained later. Naming it 
**defonned cross-stratification** will not be appropriate since the term 
implies both tectonic and non-tectonic origin and) moreover* fails to 
distinguish the agency of deformation in the latter case. 
The deformation of cross-stratification which is restricted 
to individual cross-stratified units and does not extend to the over-
lying and underlying beds indicates that it is non-tectonic in origin 
and occurred before or during the deposition of the overlying bed. 
Such deformed cross-stratification has been described by many workers 
(see Potter and Pettijohn> 1963» p. 80) and produced experimentally 
by McKee and others (1962a) b). 
In the study area» non-tectonically deformed cross-stratification 
occurs frequently associated with channel sandstones of units A and B 
of Bhander Sandstone. The deformed sets are mostly planar cross-
stratified which occur interbedded with massive and structureless 
sandstone beds with wavy and highly loaded bases. In a single set* 
deformed foresets pass laterally into undeformed foresets. For example) 
at Menal) deformed foresets were traced for a distance of 40 m and 
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were found to pass laterally into undeformed foresets. The deformed 
setS) having a maximum thickness of 2 mt show regular deformation of 
foresets inasmuch as in the upper part of the cross-stratified set 
foresets are overturned but lower down they dip normally up to the 
basal contact of the set. The overturning of foresets is consistently 
in the dip direction of normally dipping foresets. Moreover* 
deformation axes measured at several locations are nearly at right 
angles to the mean paleocurrent direction obtained at such locations 
from cross-stratification azimuths. These features indicate a close 
relationship between the prevailing depositional current and the 
geometry of deformation. 
The non-tectonic deformation of soft sediments has been ascribed 
to various mechanisms^like slumping (Jones* 1962> Harms and others* 1963)* 
current drag (Robson* 1956J Selley et.al..* 1963)* gas escape (Stewart* 
1956)* and biological activities. In the experiments of McKee and 
others (1962b) gravity slumping and vertical loading failed to produce 
deformed cross-stratification,whereas lateral push and overriding 
drag brought about deformation of cross-stratification. 
Several features of deformed cross-stratification in the study 
area* like regularity of deformation* close relationship of deformation 
to paleocurrent direction* absence of minor thrusting and* lastly^ 
association with massive and structureless channel sandstones indicate 
that deformation was due to the drag exerted by a body of sediment 
carried or pushed by the current over the underlying cross-stratified 
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bed in a manner suggested by Bust (1968). The inferred mechanism of 
formation of the deformed cross-stratification and its association 
ivitb channel sandstones indicate* that the current-drag structure was 
formed in channels where local macroturbulence could be achieved on a 
scale which deformed foresets) for example at Henal) for a distance 
of 40 m. 
Parting Lineation 
Parting lineation* also called primary current lineation* 
occurs characteristically on the bedding surfaces of evenly laminated 
sandstones. Owing to imperfect parting along bedding surfaces of such 
sandstones^ very thin irregular patches of the overlying layer remain 
adhering to the surface of the underlying layer. These patches are 
elongated in a persistent direction and thus impart a lineation to 
the bedding surface. 
The lineation was first described and related to current 
direction by Sorby (1856)i and later by Cloos (1938), Stokes (1947), 
Crowell (1955) and Allen (1964). Petrofabric studies have revealed a 
preferred orientation of grains parallel to parting lineation and, 
therefore, imperfection in parting along parting lineation is possibly 
fabric controlled (see Potter and Pettijohn, 1963, p. 138). Earlier, 
the structure was regarded to form by laminar flow (under moderate 
velocity) of a shallow sheet of water (Stokes, 1947) but now it is 
generally believed that the lineation originates in the upper flow 
regime (Allen, 1963d, 1964) which commonly exists on beaches, and in 
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PHOTOGRAPHS OF MISCELUNE0US SEDTfflENTARY STRUCTURES 
Fig. A.~ Flute marks on the upper bedding surface of massive 
channel sandstone of unit B of Bhander Sandstone exposed 
near Bi jo l ia . 
F ig . B.- Parting lineation on the upper bedding surface of f l a t -
bedded sheet sandstone of unit A of Bhander Sandstone. 
Fig. C - Small swash marks on the upper bedding surface of very 
thin-bedded sheet sandstone of unit A of Bhander Sandstone 
exposed near Dhaulji ka Khera. 
Fig . D.- Groove casts on the sole of a channel-f i l l of unit A of 
Ganurgarh Shale exposed near Sinqoli , 
Fig . E.- Groove casts on the sole of a channel-f i l l of unit A of 
Ganurgarh Shale exposed near Borau. 
F ig . F . - Cross-sectiona] view of convolute lamination in channel 
sandstone of unit A of Bhander Sandstone exposed in the 
stream gorge cutting across the scarp near Lalgunj. Note 
the sharp and angular ant ic l ines and wide rounded syncl1nes> 
and the regular overturning of convolute laminae. 
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both river and tidal channels 
In the study areai parting lineation was observed in Ganurgarh 
Shale) Sirbu Shale and Bhander Sandstone. In Ganurgarh Shale* i t is 
extremely rare and occurs associated with flat-bedded constituent of 
channel s i l ty sandstones. In such occurrences the structure is crudely 
developed. ITie lineation occurs rarely in Sirbu Shale where also i t is 
associated with flat-bedded constituents of channel sandstones. The 
structure is well developed in Bhander Sandstone* and occurs associated 
with flat-bedded constituents of both channel and sheet sandstones 
(Plate V, Fig. B). 
Swash Mark 
Swash marks* characteristic strand line features but rarely 
preserved*have been described as irregular anastomosing ridges* 1 to 
2 mm high* with broad convexities towards the land and concavities 
and angles towards the water (Shrock* 1948* p . 128; Twenhofel* 1950* 
p . 615). They are a common feature of modern beach sediments* and 
have also been reported from ancient sediments (see Shrock* 1948* 
p . 128). 
In the study area swash marks have been recognised on the 
bedding surfaces of very thin-becUled sheet sandstones occurring as 
intercalations in the topmost unit (unit D) of Sirbu Shale and those 
of the lower unit (unit A) of Bhander Sandstone (Plate V* Fig. C). 
They consist of tiny* sometimes branching* sub-parallel sand ridges* 
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about a millimetre high) which show broad convexities in one direction 
and angular concavities in the opposite direction. At any one outcrop^ 
such ridges show a persistent orientation. The length of swash marks 
in Sirbu Shale is generally 10 cm but increases in the overlying unit A 
of Bhander Sandstone where marks up to 15 em long are preserved. The 
occurrences of swash marks in both Sirbu Shale and Bhander Sandstone are^ 
howeveri rare. 
Rill Hark 
Rill marks* another characteristic strandline feature* have 
been reported as tiny erosional channels* about 1 mm deep* formed by 
r i l l action on beaches (Shrock, 1948» p. 128-131; •l\wenhofel» 1950» 
p. 616). In the study area r i l l marks occur rarely in unit A of 
Ganurgarh Shale* unit D of Sirbu Shale* and unit A of Bhander Sandstone. 
Rill marks of the study area appear as arcuate and branching tiny 
grooves* about 1 to 2 ma wide and 12 cm long. On some bedding surfaces 
they are preserved as tiny sand ridges which represent infilling of 
small channels with sand. 
Groove Cast 
Potter and Pettijohn (1963, p. 121) describe groove casts as 
''numerous* straight, parallel ridges of slight relief"occurring on 
the soles of many sandstone and siltstone beds which rest on shales. 
These structures are characterised by their straightness* continuity 
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and uniformity of height and stmcture. They are most common in 
deposits made by turbidity currents but also occur in non-turbidite 
sequences. 
Various mechanisms of origin have been suggested for this 
structure (see Potter and Pettijohn) 1963) p. 122-124)f however* it 
is generally agreed now that grooving is current produced and follows 
the direction of current (Crowell) 1955» Mclvert 1961). Various 
objects^ like sand grains? shale fragments and bodies of soft-bodied 
animalst and so forth (for a full l i s t of likely objects see Potter 
and Pettijohn) 1963) p. 123) have been regarded as tools for these 
markings. 
In the study area groove casts occur quite commonly on the 
soles of channel siltstones and sandstones of unit A of Ganurgarh Shale 
(Plate V) Figs. D and E). Ihese structures are in the form of sub-
parallel and slightly sinuous to perfectly straight ridges showing 
s l i ^ t relief. They range in width from fraction of a millimetre to 
about 1 mm. They are several centimetres long and generally fade out^  
but in some cases show sharp terminations. No object was found in situ 
which could be regarded as the tool for these markings^  but the 
Occasional occurrence of quartz grains^ 1-2 mm in diameter^ sparsely 
scattered within the shales may suggest that these may have been the 
tools responsible for the markings. 
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NON-DIRECTIONAL STHUCTORES 
Load Structure 
Potter and PettiJohn (1963| p . 145) described this structure as 
"Swellings varying from slight bulges^ deep or shallow rounded sacks? knobby 
excerscenses) or highly irregular protid>erances" which occur on the soles 
of sandstone beds when they overlie soft rocks like shale. This structure 
has also been variously designated as "flow cast" (Shrockj 1948)i "load 
cast" (Kuenenj 1953a)» "load pocket" (Sullwold» 1959)» and "Belastungsraarken" 
(Plessman» 1961), However* the term "load structure" (Dzulynski and Walton? 
1965) is preferable since the structure is not actually a "cast". 
Several workers agree that the structure originates from unequal 
loading and consequent vertical adjustments of the soft hydroplastic sub-
s t ra te (Shrockj 1948; Kuenen» 1953a; Kuenen and Prentice* 1957), for 
example? when sand is deposited over a layer of water-saturated mud. The 
structure may form in any environment where required conditions are generated. 
Ten Haff {1959» p. 45) and Dzulynski and Walton (1965, p . 143) suggested the 
transformation of flutes into load structures. 
In the study area, load structures occur associated with thick 
channel sandstones of Sirbu Shale and Bhander Sandstone, and especially 
at the contact of the two formations where massive sandstone beds overlie 
shales, and thus appear to be a result of loading. They are irregular to 
mammiliform, and range in diameter from a few centimetres to a few decimetres, 
their size being related to the thickness of the sandstone bed on whose sole 
they occur. Some small load structures may be modified flutes since they 
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are ra ther elongatedj show preferred orientation and up- and down-current ends, 
Ball-and-Pillow Structure 
"Ball-and-Pillow s t ruc ture" (Smith, 1916), as described by Potter 
and Pettijohn (1963, p . 148), consists of "a sand b e d . . . broken up into 
numerous, in many cases closely packed, b a l l - or pillow-form masses of sand-
stone". Several workers have named this s t ruc ture variously as "pseudo-
nodules", "flow s t ruc tures" , "slump b a l l s " , "flow r o l l s " , and so forth accord-
ing to i t s appearance or presumed mechanism of formation (for a complete 
l i s t of synonyms see Potter and Pett i john, 1963, p . 148). 
This s t ruc ture is charac te r i s t i ca l ly developed in fine sandstones 
which are interbedded with sha les . I t does not characterize a par t icu la r 
environment because the s t ruc ture can form wherever requirements of sui table 
material and condition of deposition are met with (see Potter and Pett i john, 
1963, p . 150). Several workers have attempted to explain the mechanism of 
formation of th is s t ructure , and many of them agree that i t resu l t s from 
ver t i ca l foundering of a sand bed into the underlying mud (Macar, 19481 Kaye 
and Power, 1954, Van Straaten,1954a» Sorauf, 1965). Several other causes 
considered for the formation of this s t ruc ture are : slumping and s l id ing 
(Cooper, 19435 Kuenen, 1949), i n t r a s t r a t a l slippage (Hayashi, 1960), wave 
action (Chadwick, 1931), and load deformation (Pepper £t. aj^., 1954). 
However, reproduction of th is s t ructure in the laboratory by Kuenen (1958) 
demonstrated that foundering is the main cause. 
In the study area, b a l l - and-plllow s t ruc ture very rarely occurs 
associated with thick channel sandstones of Bhander Sandstone. The s t ructure 
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consists of closely packed hemispherical to kidney-shaped bodies? each of 
which is about 120 cm in width and 60 cm in height . Such bodies occur In 
the lower part of sandstone beds which consequently show a highly undulatory 
base . The bodies are internal ly larainated» and the laminations are deformed 
and follow the boundaries of the bodies. Both the margins of the bodies 
and internal laminations are s l igh t ly incurved towards the i r tops . In some 
of the outcrops» the bodies are asymmetrical and show overturning in a 
consistent d i rec t ion . I t is l ikely thati as suggested by Sorauf (1965)) 
these s t ructures were formed by foundering and load deformation of sand 
channels concomitant with sedimentation. The asymmetry of some bodies 
suggest further that current-drag or slumping modified the i r shape. 
Convolute Lamination 
Convolute lamination (Ten Haaf» 1956) as defined by Potter and 
Pett i john (1963> p.152) is "a s t ructure characterized by marked crumpling 
or i n t r i c a t e folding within a well-definedj undeformed sedimentation un i t " . 
The s t ructure has been variously named " i n t r a s t r a t a l contortions"* "crinkled 
bedding") "curled bedding", and so forth (see Potter and Pett i john, 1963, 
p . 152). Convolute lamination was ea r l i e r considered as an exclusive and 
d i s t i nc t i ve s t ruc ture of flysch f ades (Holland, 196o» Sanders, I960). 
Later , Dott and Howard (1962) recognised this s t ructure in many non-graded 
sequences. 
Several workers have t r ied to explain the origin of convolute 
lamination. Rich (1950) ascribed i t to s l i d ing . Migliorini (hi. Kuenen, 
1953b, p.16) explained formation of convolutions by upwelling water 
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expelled from pores on compaction. Kuenen (1953b> p.18) thought that a 
ve r t i c a l suction over the cres ts and a downward pressure on the troughs 
of current ripples» during the passage of a current* bring about p l a s t i c 
deformation of ripples resul t ing in convolutions. Holland (1959» p . 233) 
a lso believed in suction and pressure which he a t t r ibuted to turb id i ty 
currents and postulated further a downs lope bulk movement of the sediment. 
According to Williams {1960» p . 208)» the s t ruc ture forms due to downslope 
gravity flow of l iquified sands and s i l t beds after bur ia l under considerable 
load ( i n t r a s t r a t a l flowage). 
Sanders (I960) holds current drag and a l te rna te cohesive and non-
cohesive behaviour of sediment responsible for convolution. According to 
him» cohesion increases with diminishing grain s ize andj thusj coarse 
sand-sized material is cohesionless and clay-sized material possesses 
strong cohesion. Bettveen these two extremes* fine sand-s i l t is a l t e rna te ly 
weakly cohesive and noncohesiveJ under certain current velocity and grain-
s i ze re la t ions i t possesses weak cohesion but a s l ight change in these 
factors renders i t noncohesive. Convolute lamination charac ter i s t ics point 
towards th is a l ternat ing behavior. Sanders thought that "convolutions 
a r i s e when formerly cohesionless sand grains become cohesive af ter deposition 
and respond to increased shearing due to higher current velocity by a 
decolleraent type of adjustment". Thus* no s ingle factor or mechanism 
explains the phenomenon of convolute lamination (Dott and Howard* 1962* 
p . 119). Pot ter and Pettijohn (1963» p . 155), however* discard current 
drag and slumping as possible causes and believe that load deformation 
concomitant with sedimentation causes convolutions of laminae. 
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In the study area» convolute lamination occurs mostly in Bhander 
Sandstone generally associated with fine grained and s i l t y sandstone of 
channel-f i l ls (Plate V, Fig. F) . The s t ruc ture is mostly seen on weathered 
bedding surfaces and rarely in cross sec t ions . Convolute lamination consists 
of sharp angular ant icl ines and wide rounded synclines. Laterally) each 
convolute lamina is remarkably continuous though i t thins out at an t i c l ina l 
c r e s t s . The beds containing convolute lamination are undeforraedj and do 
not show any feature suggestive of slumping. On the other hand) the 
s t ruc ture appears to be closely related to paleocurrents because ant ic l ines 
of convolute laminae are overturned in a pers i s ten t direction and the i r 
axes are oriented normal to mean paleocurrent direction obtained from cross-
s t r a t i f i c a t i o n present in the related beds. Such re la t ions between the 
depositing current and convolute lamination have been demonstrated by 
Kuenen (1953b) and Kuenen and Sanders (1956) p . 661). Therefore) slumping 
does not seem to be responsible for convolute lamination of the study area) 
which probably originated by current drag and a l te rna te cohesive and non-
cohesive behaviour of material as postulated by Sanders (I960). 
Mud Crack 
Mud crackS) also designated "shrinkage cracks") "dessication 
cracks" and "Sun cracks" form mainly in clay-sized mater ia l . On the 
bedding surfaces they appear as s t ra ight or curved fissures bounding 
i r regular polygonal areas that can have three to s ix sides and may be 
equiradial to elongated. In ve r t i ca l sections) mud cracks appear as d i s -
rupted laminae. According to Shrock (1948) p . 189) "Dessication and 
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PHOTOGRAPHS OF MUD CRACKS 
Fig. A.- SmaJ] mud cracks in unit A of Ganurgarh Shale exposed 
near Singoli . 
F ig . B.- Mud cracks associated with argillaceous carbonate mud-
stone of unit A of Bhander Limestone exposed near Tharod. 
Note the second order mud cracks within the f i r s t order 
mud cracks. 
F ig . C - Mud cracks in unit A of Sirbu Shale near Ladpura. The 
mud cracks are represented by sandy ridges on the shale 
surface resul t ing from inf i l l inqs of the cracks on 
submergence. 
Fig. D.- Incomplete mud cracks in unit D of Sirbu Shale. The mud 
cracks generally appear as t r i f i d ridges ("bird 's feet") 
on the shale surface. 
Fig . E.- Incomplete mud cracks appearing as "bi rd ' s feet" on the 
bedding surface of very thin-bedded s i l t y sandstone of 
unit A of Bhander Sandstone. 
Fig. F.- Incomplete mud cracks represented by sandy ridges on 
the bedding surface of very thin-bedded s i l t y sandstone 
of unit A of Bhander Sandstone. These mud cracks represent 
an intermediate stage between the thorough desiccation 
resul t ing in complete mud cracks and pa r t i a l desiccation 
giving r i s e to incomplete mud cracks shown in Figs. D and E, 
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compaction of water-f i l led argillaceous and calcareous muds produce a 
system of shrinkage cracks* which in the i r typical development form a 
ne twor t and divide the surface into i rregular polygonal areas" . Mud 
cracks form in any environment where wet mud is subjected to dessication 
and shrinkage* for example? on dried up lake bottoms* abandoned r iver 
channels* dried out flood plains* temporarily exposed t ida l f la ts and 
marine beaches, "nius* these s t ructures are s ignif icant only inasmuch as 
they indicate subaerial exposure. 
In the study area* mud cracks were observed in a l l the formations 
of Bhander Group. In Ganurgarh Shale* they are not common* but small mud 
cracks* 2 to 3 cm in diameter* are profusely developed on some shale surfaces 
(Plate VI* Fig. A). In Bhander Limestone* mud cracks have been rarely 
observed (Plate VI* Fig. B). Hud cracks are abundant in the lower par t of 
Sirbu Shale* especially in unit A of the formation. Here such cracks bound 
pentagonal to rectangular areas measuring 2.5 to 7 era across. Within the 
polygons* second order mud cracks occur. Most of the mud cracks are seen as 
sand ridges which represent in f i l l ings of the cracks on submergence (Plate 
VI* Fig. C). In Sirbu Shale* the incidence and s ize of mud cracks decreases 
upward. In unit D of the formation they are of small size* mostly less than 
2 cm in diameter* and incomplete. Such incomplete mud cracks appear as mostly 
t r i f i d sandy ridges on shale surfaces and represent the sand in f i l l ings of 
incomplete mud-cracked shale surface (Plate VI, Fig.D). Shrock (1948, p.194) 
has i l l u s t r a t e d similar incomplete mud cracks which appear l ike "b i rd ' s fee t" . 
In Bhander Sandstone mud cracks are* by and large* absent but rare ly occur 
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associated with shale bands within unit A of the formation. These 
structures are of small size and belong mostly to the incomplete variety 
(Plate VI, Figs. E, F). 
Algal Mat Structure 
"Algal mat" (Cys» 196^, p . 396) structure consists of "discon-
tinuous to continuous, relatively flat laminations in a sediment formed 
by the trapping and binding action of sediment particles by a thin layer 
of algae". This structure has been variously designated "flat stromato-
l i t e " (Textoris and Carrozi, 1966), "cryptalgalaminate" (Aitken, 1967), 
"planar stromatolite" (Howe, 1968), "algal laminated" (Davies, 1970b), 
and so forth. Since algal mat structure consists of flat laminations, 
i t is distinct from other algal structures which possess definite 
boundaries and, moreover, show gravity-defying arrangement of laminae. 
In the study area, algal mat structure is abundantly developed 
in Bhander Limestone where i t is mostly associated with carbonate mud-
stones of units Band D. The features suggestive of algal origin of the 
structure and Its environmental significance have been discussed else-
where in detai l . 
CHAPTEB III 
PETROGRAPHY 
The following description deals with petrography of sandstonesi 
and carbonates separately. Sandstone petrography has not been very 
helpful in facies analysis and reconstruction of depositional environ-
ments because sandstones possess monotonous petrographic characters 
in view of their high textural and compositional maturity. However) 
petrographic study of sandstones has demonstrated that much of the 
sediment is recycled - a significant contribution to the knowledge of 
depositional history of the rocks. Petrographic study of carbonates 
has been very interesting and useful because it made it possible to 
identify several microfacies which were helpful in recognising the 
s ubenvironraents. 
PETROGRAPHY OF SANDSTONES 
Petrographic study of sandstones involved an assessment of their 
textural characteristics (size and roundness of detrital grains)* detrital 
mineral composition) and diagenetic features (condensation and pressure 
solution) cementation) and authigenesis). Thin sections of sandstones 
were employed for these studies because extensive silica cementation has 
made them highly indurated and resistant to disaggregation. Majority of 
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the samples analysed belonged to Bhander Sandstone and the rest to the 
arenaceous interbeds of Ganurgarh Shale and Sirbu Shale. 
Sampling 
From a large number of sandstone samples collected during the 
field work} 200 were selected for preparing thin sections. 25 samples 
belonged each to Gannrgarh Shale and Sirba Shale) and 150 to Bhander 
Sandstone. These samples were selected in such a way as to bring about 
a uniform coverage^ both areally and verticallyi of the outcrops of the 
three formations. All the thin sections were examined for a preliminary 
rapid estimation of their petrographic characters. This rapid assessment 
demonstrated that (1) there was no significant change in detrital 
minerals and their percentages in various samples* (2) all the samples 
belonging to Ganurgarh Shale and majority of those obtained from Sirbu 
Shale were so fine grained that they could not be subjected to sufficiently 
accurate grain size and roundness estimation in thin sections* (3) all the 
samples belonging to Bhander Sandstone and a few to Sirbu Shale were 
suitable for determination of above characteristics} but they showed 
very little intersample variability in these characteristics. For 
these reasons further detailed study of a larger number of samples was 
deemed unnecessary. A total of 26 thin sections were employed for grain 
size studies* 13 for roundness estimation^and l6l for studying compo-
sitional and diagenetic features. 
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Methodology and Presentation of Data 
The grain size analysis was carried out by measuring apparent 
long axes of quartz grains with the help of micrometer eye piece. To 
obtain sufficiently valid results (1) grains with indistinct and sutured 
boundaries were bypassed? (2) Chayes' (1949) point counting technique 
was OBployedf and (3) a minimum of 300 grains were counted in each 
sl ide. This minimum requirement was deterained by counting successively 
100) 200) 300» and 4K)0 grains in one thin section* and then plotting 
frequency percentages of grains falling in half-phi classes against each 
successive count. A larger count involving more than 300 grains was 
found unnecessary since it did not materially affect the percentages. 
For grain size analysis* other workers recommended counting of 100-^0 
tgnrains (Bosenfield et^  al_.) 1953)) and 200-300 grains (Friedmani 1958) 
per thin section. 
Grain diameters measured in millimetres were converted to Phi 
scale with the help of Page's (1955) conversion table. The grain size 
data of each sample* grouped in half-phi classes* are listed in 
Appendix IV. The average mechanical composition of sandstones was 
represented by a composite histogram (Fig. lo) which was based on 
aggregated grain size data. Cumulative frequency curves (Fig. 9) were 
plotted on the graph constructed by FrieAaan (1958) which permitted the 
determination of sieve equivalents of the various percentiles (Appendix V). 
Statistical parameters described by Folk and Ward (1957) and Folk (1968* 
p. 44-48) were calculated for each sample (Appendix V). Table 4 summarizes 
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the size frequency characteristics of the samples. 
The roundness of detrital quartz grains was determined by 
comparison with Powers* (1953) p. 118) visual classification chart as 
this method Is simple and sufficiently accurate as compared to other 
methods (Wadelly 1935; Russell and Taylor} 1937; Krumbein? 194i; 
Pettijohnt 1957). In most of the thin sections authigenesis and the 
effects of pressure solution did not permit accurate roundness estimation 
of grains. Only those sections were selected in which detrital grain 
boundaries were distinct owing to the presence of a thin iron oxide 
coating) and in which pressure solution effect was slight. These 
limitations made it possible to employ only 59 grains (on the average) 
per thin section for roundness estimation. For a uniform coverage of 
the thin section area? Caiayes' (1949) point counting technique was 
employed. Grain roundness was classified according to six classes from 
"very angular" to '^ rell rounded" and the arithmetic mean roundness of the 
sample was determined by the method of Krumbein and Pettijohn (1938). 
Table 5 Incorporates the roundness data of individual samples. Average 
roundness was represented by a composite histogram (Fig. ll) which was 
based on aggregated roundness data. 
Detrital and authigenic mineral composition was studied only 
qualitatively. Quantitative analysis was found unnecessary because a 
rapid estimation of modal composition demonstrated that all the sandstone 
samples are almost entirely composed of quartz and other siliceous 
constituents and thus belong to "orthoquartzite" type of Krynine (1948) 
and Pettijohn (1954). 
PLATE VII 
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Texture (Grain Size and Roundness) 
Grain size analysis was carried out in 26 sandstone samples 
(Bhander Sandstone* 21i Sirbu Shale* 5) . Table 4 shows the distribution 
of sandstone samples according to various characteristics of the grain 
size distribution. In various samples* size data are spread over 4 to 
9 half-phi classes* but 24 samples out of 26 show a more or less uniform 
spread involving 5 to 7 such classes. Most samples (24) possess unimodal 
size frequency distribution in which the modal class contains 36.4 to 64 
per cent (average 45 per cent) of the size data. In the remaining two 
samples distribution is bimodal and the two modes are of equal strength. 
Each of the two modes contains 25.5 per cent size data in one sample and 
30 per cent in the other. The generalized grain size distribution in 
sandstones* based on aggregated data of all the 26 samples* is shown in 
Fig. 10. This aggregated distribution is unimodal and the modal class 
lies in the 2-3{^class (fine sand). The modal class contains 52.38 per cent 
of the aggregated size data. The distribution is strongly-positively 
skewed indicating that admixture of very fine sand and finer material is 
far greater than that of medium sand and coarser material. 
The graphic mean size (M ) of various samples ranges from 2.03 0 
to 3.960(fine to very fine sand) but in majority of the samples (17) it 
falls within the fine sand class. The inclusive graphic standard 
deviation (OJ) varies from 0.26 to 0.58 0 and on the basis of these 
values most of the samples (17) are well sorted* while some (6) are 
very well sorted* and a few (3) are moderately well sorted. The value of 
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TABLE 4.- DISTRIBUTION OF SANDSTONE SAMPLES OF BHANDER GROUP ACCORDING 
TO VARIOUS CHARACTERISTICS OF GRAIN SIZE DISTRIBUTION 
DATA SPREAD 
No. of half-phi classes 4 5 6 7 8 9 
No. of samples 1 4 15 5 - 1 
NATURE OF DISTRIBUTION 
Type of dis tr ibut ion Unimodal Bimodal 
No. of samples 24 2 
POSITION OF MODAL CLASS 
Half-phi class 1.5-2 2-2.5 2.5-3 3-3.5 3.5-4 4-4.5 
Medium sand Fine sand Very fine sand Coarse s i l t 
No. of samples 2* 6 10* 7* 1 2* 
* Two samples show two equally developed modes each. 
FREQUENCY PERCENT IN MODAL CLASS 
Frequency 25-30 30-35 35-40 40-45 45-50 50-55 55-60 60-65 per cent 
No.of samples 1 1 6 9 4 2 2 1 
GRAPHIC MEAN (M ) 
z 
Half-phi class 2.00-2.50 2.50-3.00 3.00-3.50 3.50-4.00 
No. of samples 4 13 6 3 
INCLUSIVE GRAPHIC STANDARD DEVIATION ia^) 
Verbal clsssification ,, . . , , , 
scale Very well sorted Well sorted Moderately well 
sorted 
Values in Phi units under 0.35 0.35-0.50 0.50-0.71 
No. of samples 6 17 3 
INCLUSIVE GRAPHIC SKEWNESS (SK^) 
Verbal c lass i f ica t ion r.. , . », ^ • •, n . j 
J Fine-skewed Near-symmetrical Coarse-skewed 
SKj limits + 0.30 to +0.10 + 0.10 to - 0.10 -0.10 to -0.30 
No. of samples 5 20 1 
GRAPHIC KURTOSIS (K^) 
Verbal c lass i f ica t ion r . i * i ^ - » . ^ . 
, Platykurt ic Mesokurtic Leptokurtic 
SC a X€ 
Kg limits 0.67-0.90 0.90-1.11 1.11-1.50 
No. of samples 6 13 7 
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the inclusive graphic skewness ISKj) ranges txxm + 0,26 to -0.15 and 
these values indicate that a large majority of samples (20) have near-
syimnetrical distribution whereas 5 samples are fine-skewed and the 
ranaining one eoarse-skewed. On the basis of the graphic kurtosis (Kg) 
valuesi ranging from 0.77 to 1.24> 13 samples are mesokurtiC) 6 platy-
kurtic) and the remaining 7 leptokurtlc. 
For roundness estimation a total of 762 quartz grains were 
examined in thin sections of 13 sandstone samples. The roundness data 
and the mean roundness of individual samples is given in Table 5. 
Roundness values* in various samplest are spread over 3 to 5 roundness 
classes which range from the very angular to well rounded class. Distri-
bution of roundness values in individual samples is largely unimodal 
and only two samples show bimodal distribution. The modal classf in a 
large majority of samples (11 out of 13)> lies In the subrounded class* 
and in the rest two i t is located in the rounded class. It contains 
one-third to nearly three-fourth of the total estimation in individual 
samples. The mean roundness (Ma) of the samples ranges from 0.31 
(subangular) to 0.59 (rounded) and averages 0.47 (subrounded). The mean 
roundness values of 7 samples fall in the rounded class* while those of 
the rest six are equally divided among the subrounded and the subangular 
classes. 
Aggregated roundness values of samples show a unimodal distri-
bution (Fig. 11) in which the modal class lies in the subrounded class 
and contains 48.0 per cent of the total aggregated values. The skewed 
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PLATE VII 
PHOTOMICROGRAPHS OF BHANDER GROUP SANDSTONES SHOWING QUARTZ TYPES 
(Cross-polarized) X 150) 
Fig. A.- Monocrystalline "common" quartz grain marked by clear 
appearance and few mineral inclusions. 
Fig . B.- Polycrystal l ine "stretched metamorphic" quartz grain 
showing elongate and lensoid subindividuals with sutured 
boundaries and highly undulose ext inc t ion . 
Fig. C - Polycrystal l ine "recrys ta l l ized metamorphic" quartz 
grain showing equidimensional subindividuals with s t ra ight 
contacts and s t ra ight ext inct ion. 
Fig . D.- Well rounded polycrystal l ine "recrys ta l l ized metamorphic" 
quartz grain (?metamorphosed chert g ra in ) . 
Fig . E.- Monocrystalline "reworked sedimentary" quartz grain showing 
abraded overgrowth of an ea r l i e r cycle. 
Fig. F . - Deformed chert grain in condensed sandstone. The grain 
squeezed on one side by the surrounding quartz grains 
has? by and large? preserved i t s well rounded out l ine . 
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nature of the distribution indicates relatively greater adnixture of 
rounded and wellrounded grains than subangular to very angular grains. 
Detrital Components 
Detrital components of sandstones were studied in thin sections 
of 16I samples (Bhander Sandstone* 130» Sirbu Shalet 20* and Ganurgarh 
Shalef 11). By and large? the sandstones possess a high degree of 
compositional maturity. Felspars are almost absent and very l i t t l e clayey 
matrix is occasionally present. Nearly all the sandstone samples studied 
are almost entirely composed of siliceous constituents^several varieties 
of qnartzi and chert. Such clean sandstones have been variously designated 
"orthoquartzite" (Krynine» 1948; Pettijohn* 1954)» "quartz arenite" 
(Gilbert} 1954; HcBride? 1963)i and "quartzose sandstone" (Dunbar and 
RodgerS) 1957; Van Andelf 1958). Because quartz has a lion's share of the 
detrital constituoitSf i t received considerable attention and several of 
i ts varieties were recognised. Terminology of Folk (1968j p. 71-73) has 
been followed for the several varieties of quartz described below. 
"Common** quartg.- On the average* nearly 50 per cent detrital grains 
belong to the common quartz. It occurs as monocrystalline grains irtiich 
usually present a clear appearance having few indeterminate dusty or 
mineral inclusions consisting of tiny euhedra of apatite and aeicular 
rutile (Plate Vlly Fig. A). Tourmalinet zircon* and magnetite occur less 
frequently as inclusions. Common quartz shows straight to slightly undulose 
extinction (less than 5 degrees). 
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"Stretched metaworphic" quartz.- This type comes second In order of abundance 
and constitutes about 33 per cent by number of the total grains. It occurs 
in the form of polycrystalline grains which show elongated and lensoid 
sub^individuals with sutured boundaries along which tiny mica flakes 
sometimes occur (Plate Vllt Fig. B). They are full of dusty inclusions 
and hence dirty-looking. Parallel rows of healed fractures are abundant 
which are seen to cut across several sub-individuals of a polycrystalline 
grain. The sub-individuals show highly undulose extinction (more than 
5 degrees). Sometimes* the sub-individuals of the stretched metamorphic 
quartz occur independently as monocrystalline grains which are easily 
recognised and distinguished from monocrystalline common quartz by 
characteristic features» such as* elongated and lensoid shapet abundant 
healed fractures* and hi^ly undulose extinction. The size of these 
monocrystalline grains is almost identical to that of the sub-individuals 
of polycrystalline grains of the "stretched metamorphic" quartz. 
"Recrvstallized metamorphic" quartz.- Ill is type comprises generally 7 per 
cent of the detrital constituents. It occurs in the form of polycrystalline 
grains which comprise a mosaic of very fine grained to microcrystalline sub-
individuals. The latter are equidimensional and show straight contacts} 
widely different optic orientatlon» and straight extinction (Plate VII, 
Figs. C, D). The size and roundness of "recrystallised metamorphic quartz" 
grains is comparable to that of the chert grains observed in the same thin 
section. Further* a complete gradation can be seen in the same sample 
from true chert grains showing pinpoint-birefringence to grains of this 
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type. ThuS) much of the "reerystallised metamorphic** quartz mayi in fact} 
be recrystalllsed chert. Many of the recrystalllsed chert grains contain 
tiny mica flakes which may have recrystalllsed from argillaceous impurities. 
"Reworked sedimentary" quartz.- Nearly 5 per cent of detrital grains 
belong to this variety of quartz. It occurs as monocrystalline grains 
which unequivocally represent the reworked sedimentary quartz since 
the grains show abraded overgrowths belonging to one or more earlier 
cycles of sedimentation (Plate VII, Fig. E). It is significant that such 
grains, apart from having abraded overgrowths, are just like those of the 
"coomon" quartz described earlier. Thus both of them are usually clear in 
appearance, contain identical mineral Inclusions, show strai^t to s l i ^ t l y 
undulose extinction, and have comparable size and roundness. It appears 
plausible, therefore, that much of the "common" quartz in these sandstones 
may have been derived from the same source as the reworked sedimentary 
quartz, the absence of overgrowths around than being attributed, perhaps, 
to their relatively greater solubility during prolonged abrasion. Some 
polycrystalllne grains of "reworked sedimentary" quartz also occur, and 
they appear to have been derived from quartzose sandstones. Within such 
composite grains boundaries of detrital quartz grains of an earlier cycle 
are s t i l l recognisable as faint rounded outlines. 
Chert.- Chert is invariably present in the sandstones as well rounded 
detrital grains of a l i t t l e smaller size than the accompanying quartz 
grains. The chert grains constitute 3 per cent by number of the total 
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detrital constituents. The boundaries of the chert grains are generally 
hazy and are marked by the presence of thin and often incomplete coating 
of iron oxide. In samples showing appreciable condensation of framework} 
chert grains have been deformed and squeezed by the surrounding quartz 
grains (Plate VII, Fig. F), In such cases, the well rounded outline of 
chert grain is preserved only in those parts of the grain which have 
escaped deformation. In uneondensed sandstones* the chert grains show 
their well rounded outline. Some of the chert grains appear red owing to 
inclusions of hematite. Chalcedony grains are abundantly present in some 
sandstones of Ganurgarh Shale. Such grains show aggregate fibrous structure 
between crossed nicols (Plate VIII, Fig. A). They have been designated 
**flamboyant" quartz by Folk (1968, p. 73) who considers them to be a 
derivative of siliceous nodules reworked from older carbonate rocks. 
Felspar.- Felspar is extremely rare and almost non-existent in the 
sandstones examined. One or two grains of pertbite and orthoclase were 
observed in only a few thin sections. Such grains possess size and 
roundness comparable to the associated detrital quitrtz grains. The 
felspar grains are invariably highly altered and surrounded by a rim of 
sericite. 
Rock Fragments.- In addition to fragments of metaquartzite and sil ica 
cemented sandstone described earlier, fragments of low-grade metamorphic 
rocks (phyllite and slate) and shale occur sparsely distributed in some of 
the sandstone samples. The low-grade metamorphic rock fragments are composed 
PLATE VIII 
PUTE VIII 
PHOTOMICROGRAPHS OF BHANDER GROUP SANDSTONES SHOWING HEAVY 
MINERALS AND OTHER DETRITAL CONSTITUENTS 
F i g . A.- "Flamboyant" quar tz grains showing aggregate f ibrous 
s t ruc tu re . 
(Cross-polarized> X ,50) 
F ig . B.- Fragments of low-grade metamorphic rock ( p h y l l i t e ) . The 
fragment on the left has been squeezed inbetween the 
surrounding quartz grains? but the one on the right has 
preserved i t s rounded out l ine . Preferred orientation of 
t iny mica flakes can be noted in the lower-left portion 
of the deformed fragment. 
(Cross-polarized} X 50) 
F ig . C - A layer of heavy mineral concentration showing tourmalinej 
zircon and opaque grains . 
(Plane-polarizedj X 50) 
Fig . D.- Well rounded to subrounded zircon grains (second cycle) . 
(Plane-polarizedj X 150). 
Fig . E.- Well rounded tourmaline grain (second cycle) . 
(Plane-polarized» X 50) 
Fig . F . - Euhedral zircon grain showing s l ight abrasion ( f i r s t cycle) 
(Plane-polarizedj X 150) 
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of intricately mixed microcrystalline to cryptocrystalline silica} 
abuiidant tiny mica flakes with strong preferred orientation and dark 
brownish opaque ferruginous material (Plate VIII| Fig. B ) . They are 
variable in size and shape but many of them are well rounded. Hell rounded 
ferruginous shale fragnents occur quite frequently in the very thin> 
bedded sandstone samples. Such fragments* being softer* have been squeezed 
in between the surrounding quartz grains in sandstone samples with 
condensed franeworkf and often give the impression of clay matrix when very 
much crushed and squeezed. However* all gradations from undeformed shale-
slate-phyllite fragments to crushed aggregates of "matrix" occur. 
Heavy minerals.- Heavy minerals in the sandstone samples examined belong 
to a restricted suite and almost entirely consist of tourmaline* zircon and 
opaques in order of abundance. The nature of distribution of heavy minerals 
and their amount is variable in different samples. In most samples* they are 
scattered randomly and their amount hardly exceeds one per cent by niaaber 
of the total grains in a sample. In flat-bedded sandstones and in some 
channel sandstones* however* the heavy minerals occur concentrated in layers 
parallel to the bedding and their amount is quite high (40-607i) (Plate VIII, 
Figs. C* D). Some thin dark streaks in the flat-bedded sandstones consist 
almost entirely of heavy minerals. 
Tourmaline is abundant and occurs as rounded to well rounded 
detrital grains which rarely show authigenlc growths (Plate VIII, Fig. E ) . 
Most of the grains are brown-coloured but blue and green varieties also 
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occur. There is no marked difference in the size* shape and roundness of 
grains showing different colours. 
Next in order of abundance is zircon. The grains are always 
smaller than the associated tourmaline grains. They occur as rounded to 
completely unabraded grains whose original crystal faces can be marked 
out (Plate VIII, Figs. D, F). 
The opaque heavy minerals (magnetite and ilmenite) are best seen 
in the flat-bedded sandstone samples in which they occur abundantly and 
concentrated in layers parallel to the bedding (Plate VIII, Figs. C, D). 
Similar concentration of opaques is also seen in some channel sandstone 
samples. 
Mica occurs as elongated flakes whose detrital nature is apparent 
from their frayed ends and their deformation by the accompanying quartz 
grains. The mica is mostly muscovite and occurs mainly in the thin>bedded 
sandstone samples. In other samples i t is very sparsely distributed. 
Diagenesls 
Diagenesis encompasses all those post-deposltional changes which 
take place at normal pressures and temperatures and which modify the 
texture* structure and minerals of a sediment. The diagenetic features 
exhibited by the studied sandstones Include condensation and pressure 
solution, cementation and glauconitization. 
-0 
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PLATE TX 
PHOTOMICROGRAPHS OF BHANDER GROUP SANDSTONES SHOWING PRESSURE 
SOLUTION AND CEMENTATION 
Fig . A.- Unpresolved sandstone showing normal framework of quartz 
grains which are in tangential contacts ivith one another. 
Note abundant pore space. 
(Plane-polarizedj X 50). 
Fig . B.- Slightly presolved sandstone showing generally long 
contacts between quartz grains. Quartz overgrowths in 
optical continuity with the de t r i t a l grains form the 
cement and can be noted in the centre of the photograph. 
(Cross-polarizedj X 50) 
Fig, C - Moderately presolved sandstone showing generally concavo-
convex grain contacts . Note severely decreased primary 
porosity and very l i t t l e s i l i ca cement. 
(Cross-polarisedj X 50) 
F ig , D.- Highly presolved sandstone showing concavo-convex and 
sutured grain contacts . Note the complete loss of d e t r i t a l 
grain boundaries and primary porosity? s t re tching of 
grains and the complete absence of s i l i c a cement. 
(Cross-polarized? X 50) 
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Condensation and pressure solution.- The phenomenon of the solution of 
quartz at the point of grain contact under stress is called pressure 
solution. Pressure solution is an important diagenetic process inasmuch as 
i t destroys porosity and results in tight packing of grains. Due to this 
process} the grains may acquire progressively straight* concavo-convex) 
and sutured contacts (Sieverj 1959* p. 57). Condensation of studied 
sandstones as evidenced by the packing of their grains is highly variable. 
Following Thomson (1959)) the studied sandstones on the basis of 
packing of their grains can be classified into (1) onpresolvedi (2) sli^itly 
presolved) (3) moderately presolved» and (4) highly presolved varieties. 
Majority of the sandstone samples belong to the slightly presolved category. 
The unpresolved sandstones have retained their primary fabric 
possessing a normal framework in which detrltal grains are in tangential 
contacts with one another (Plate IX) Fig. A). Silica cement is abundantly 
present filling up the primary pore spaces. The slightly presolved 
sandstones) owing to slight condensation) show grains in long contacts 
with one another (Plate IX) Fig. B). The amount of sil ica cement has 
decreased as compared to the unpresolved sandstones due to decrease in 
primary porosity consequent upon slight condensation. The moderately 
presolved sandstones show a further step toward condensation marked 
by interpenetration of grains resulting in concavo-convex grain contacts 
(Plate IX) Fig. C). Little silica cement is present as the primary porosity 
has severely decreased. The highly presolved sandstones) quite rare in 
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the study area) have acquired a truly deformational fabric. The original 
grain boundaries have been lost) the grains have been stretched and show 
mostly coeavo-convex and» even^ sutured contacts (Plate IX) Fig. D). 
Cementation.- Quartz and Iron oxide form the cements of the studied 
sandstones. Quartz has grown) in optical continuity) over the detrital 
quartz grains enlarging the latter and the fflaxlmum development of these 
overgrowths is seen in unpresolved sandstones. The amount of authigenic 
quartz decreases with increasing condensation of sandstones. Pittman 
(1972) has demonstrated on the basis of his examination of quartzose 
sandstones with the scanning electron microscope that quartz overgrowths 
initiate as nunwrous incipient crystals which) if sufficient void space is 
available) enlarge to form well defined crystal faces. As the most of the 
sandstones are presolved to some extent) the most likely source of silica 
appears to be silica solutions derived from pressure solution of quartz 
grains during welding as visualized by several workers (Gilbert) 19495 
Taylor) 195o; Heald) 1955) 1956; and "niomson, 1959; Pittman) 1972). 
The Iron oxide cement Is present as thin coatings on detrital 
grains and as scattered smaller granular patches. It appears to be a 
primary precipitate because no indications of a replac^nent origin like 
disrupted framework) corrosion of quartz grains or presence of rhombohedral 
pseudomorphs are present. Moreover) authigenic nature of iron oxide is 
confirmed by its presence as coatings on phyllite fragments which if 
recycled cannot inherit the coating from the provenance. The inclusion of 
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iron oxide within the quartz cement indicates that the former was the 
first to form. 
Glanconitization.- Glauconite occurs in the sandstone Interbeds of Slrbu 
Shale and Ganurgarh Shale and in the very thin-bedded sandstones of the 
Bhander Sandstone formation. Glauconite in these sandstones is invariably 
associated with clay fragnents. In a single thin section all stages of 
trans formation« from unglauconitised fragments to completely glauconitised 
onest can be observed. Glauconite is flaky and individual flakes are 
bright green* slightly pleochroic and show faint traces of cleavage. 
Genesis of glauconite was investigated by several workers. Among 
them, Takahashi and Yagi (1929), Gildersleeve (1932), Cloud (1955), and 
Burst (1958a, b) are the leading exponents of an organic origin. Takahashi 
(1939) invoked "hydration and gelatinization" of various types of parent 
material, while Gallihar (1935a, b) believed that glauconite is formed by 
submarine alteration of biotite. Burst (1958a, b) proposed a compre-
hensive model for the formation of glauconite and suggested that, irres-
pective ot the nature of parent material, the essential conditions for 
glauconitization include availability of sil icate lattice, supplies of 
potassium and iron, and a favourable oxidation potential. Findings of 
Hower (1961) support this view. Srivastava (1966) discussed the various 
aspects of glauconitisation in the Lower Vindhyan sandstones of the Son 
Valley and found glauconitized pellets which did not show any features of 
organic origin or of glauconitized biotite. On the other hand, the pellets 
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showed many features indicating their allochthonous nature. He concluded 
that glauconite was formed by glauconitization of clay pellets under 
conditions envisaged by Burst (1958b). The glauconitic sandstones of the 
study area show several features like those described by Srivastava (1966). 
Clay fra9nents of pelletal shape occur quite frequently in the studied 
sandstones. Their allochthonous nature is evident from their distinct 
outlines and from their size and shape which are comparable to those of 
the associated quartz grains. In all probability the clay fragnents 
provided the silicate lattice^ potassium and iron was available from the 
sea waters* and thus glauconite was formed under favourable oxidation-
reduction potential. 
PETROGBAPHY OF CA8BGNATES 
The petrographic study of carbonate rocks was carried out in 160 
thin sections prepared from representative hand specimens collected from 
Bhander Limestone and from carbonate interbeds of Ganurgarh Shale and 
Sirbu Shale. Petrographic studies were mainly concerned with the textural» 
compositional and diagenetic characteristics of the carbonate rocks. 
Calcite and dolomite were differentiated by staining with Alizarin Bed S 
(Friedman, 1959). 
Major Petrographic Constituents 
The main petrographic constituents of carbonate rocks of the study 
area are intraclast} micrite? sparry calcite and carbonate silt. 
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Intraclast.- As defined by Folk (1962» p. 63)t Intraclasts are "fragments 
of penecontemporaneous) generally weakly consolidated carbonate sediment 
that have been eroded from adjoining parts of the sea bottom and redeposited 
to form a new sediment". Their firm boundaries and often rounded outline 
indicate that they originated in a high energy environment from erosion 
of already lithified carbonate sediments. They are thought to form 
usually by low tides allowing wave-attack on exposed* mud'Cracked carbonate 
f lats . 
Mlcrite.- Microcrystalline carbonate material finer than 0.004 mm was 
termed "micrite" by Folk (1962* p. 66). Micrite is thought to form by 
rapid chemical or biochemical precipitation of aragonite ooze and its 
subsequent Incipient recrystallization and inversion to calcite. Leighton 
and Pendexter (1962) defined micrite as consisting of particles less than 
approximately 0.031 mm in diameter. Bissel and Chilingar (1967) employ 
the term "micrite" for material) whether crystalline or finely grained* 
which is 0.05 mm or smaller in diameter or across faces. In the present 
study* carbonate material finer than 0.031 mm has been termed "micrite" 
following Leighton and Pendexter (1962). 
Sparry calcite.- According to Folk (1962» p. 66) "this type of calcite 
generally forms grains or crystals 10 micron or more in diameter* and is 
distinguished from micro crystalline calcite by its clarity as well as 
coarser crystal size". In the studied carbonate rocks sparry calcite 
occurs as pore fill ing cement inbetween intraclasts and in vugs. 
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Carbonate s i l t . - Hie term "carbonate s i l t" has been used here for 
mechanically deposited fine grained carbonate material ranging in size 
from 0.031 mm to 0.062 ore. This range falls in the "coarse s i l t" class 
of the Wentworth size scale. 
The carbonate s i l t grains in the studied rocks are angular and 
subequant to elongated. Their detrital nature is suggested by several 
lines of evidence which weigh heavily against their being a product of 
grain-growth (Bathurst? 1958) 1959) or neomorphism (Folk) 1965* p. 37). 
Firstlyt the silt-sized carbonate grains occur in discrete layers inter-
laminated with micrite and do not form irregular patches as should be 
expected of a grain-growth mosaic (Bathurst» 1958» 1959). Secondly* where 
carbonate s i l t layers show cross-laminations) the adjacent cross-laminae 
are alternately constituted of coarser and finer grains. Both these 
features indicate a depositional control on the grain size. Another 
evidence strongly suggesting the clastic nature of the carbonate s i l t is 
provided by the definite relationship existing between the roundness and 
frequency of occurrence of intraclasts on one hand and the amount of 
carbonate s i l t present in the rock on the other. Intraclasts are few in 
number and angular in samples which have a smaller content of carbonate 
s i l t and are largely composed of micrite laminae. On the other hand) 
intraclasts increase in nundtierj become well rounded and somewhat sorted in 
samples from which micrite is altogether absent and silt-sized grains 
entirely form the carbonate matrix. This is suggestive of a detrital 
nature of carbonate s i l t which was deposited in comparatively agitated 
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waters that washed away the clay and brouc^t about rounding and sorting of 
intraclasts and d^osition of carbonate s i l t . 
Micro fades 
On the basis of thin section study of the carbonate rocks of the 
study area) nine microfacies have been recognised as follows:-
Micrite 
Clayey micrite 
6raded micrite 
Dolomitized micrite 
Interlaminated mierlte-calcisiltite 
Intracalcisiltlte 
Intrasparrudite 
Intramicrudite 
Oosparlte 
The terminology and definition introduced by Folk (1959, 1962) have 
been used as far as possible except in the case of intraclast-bearing 
carbonate s i l t which has been designated here as "intracalcisiltlte**. 
Micrite.- This microfacies is confined to the black limestone (unit D) 
of Bhander Limestone. In hand specimens, this microfacies appears as dark 
grey lithographic carbonate rock. In thin sections the microfacies consists 
of homogenous and structureless aggregate of microcrystalline ealcite 
grains less than 31 microns in size (Plate X, Fig. A). They appear sub> 
translucent and brownish in low magnification but under high magnification 
individual grains can be discerned and appear irregularly round and equant. 
Quartz s i l t grains are sporadically present and show much corrosion by 
PLATE X 
PUIE X 
PHOTOMICROGRAPHS OF BHANDER GROUP CARBONATES SHOWING CHARACTERISTIC 
FEATURES OF MICRITE, CUYEY MICRITE AND GRADED MICRITE MICROFACIES. 
F i g . A.- M i c r i t e c o n s i s t i n g of homogenous and s t r u c t u r e l e s s 
aggregate of microcrystall ine ca lc i te and sporadic 
quartz s i l t grains . 
(Plane-polarizedj X 16) 
F ig . B.- Clayey micrite containing appreciable admixture of 
terrigenous material (minute mica flakes and quartz 
s i l t ) . Abundant "birdseye" s t ructure can be noted in 
the lower left part of the photograph. 
(Plane-polarized) X 16) 
F ig . C - Sheet cracks in clayey micr i te . 
(Plane-polarizedj X 16) 
F ig . D.- "Birdseye" s t ructure in clayey micr i te . The "birdseye" 
is f i l l ed with sparry c a l c i t e . 
(Plane-polarized) X 100) 
Fig . E.- Graded micrite showing a del icate s ize grading of 
par t ic les within individual laminae which appear t rans-
parent at the base and dark at the top. 
(Plane-polarized) X 16) 
F ig . F . - Distribution of dolomite in a graded laminae. Dolomite 
is concentrated along the base of the lamina and 
decreases upwards. The top of the underlying lamina) 
seen in the lowermost part of the photograph, is free 
of dolomite. 
(Plane-polarized) X 16) 
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surrounding carbonate. A delicate laminated structure is occasionally seen 
which appears as anastomosing network of depositional planes. This 
structure is attributed to algal action (Carrozif I960). 
Clayey micrite.- This microfacies occurs in the basal unit (unit A) of 
Bhander Limestone and in the basal unit (unit A) of Sirbu Shale. In hand 
specimens) clayey micrite appears as a dullf ultrafine-grained lithographic 
red'-coloured carbonate rock breaking with a conchoidal fracture. In thin 
sections) the clayey micrite comprises homogeneous red-coloured micrite 
with appreciable terrigenous admixture (Plate Xf Fig. B) which consists 
of minute mica flakes and quartz s i l t . Some of the samples show abundant 
sheet cracks (Plate X) Fig. C) and "birds eye" structure filled with sparry 
calcite (Plate X) Fig. D). Occasionally delicate algal laminated structure 
is also seen. 
Graded micrite.- This microfacies occurs in unit B of Bhander Limestone 
and in hand specimens appears as laminated blue and red-coloured carbonate 
mudstone. In thin sections) i t is constituted of finely micrograined to 
cryptograined calcite (0.03 lam to clay size) Leighton and Pendexter) 1962) 
p. 60) arranged in 0.25 mm to more than a millimetre thick laminae 
(Plate X) Fig. E). Under hi^i magnification) the laminae often show a 
delicate size grading of their constituent particles. At the base of a 
lamina) calcite grains are micrograined which pass upward into cryptograined 
calcite. The grading is marked by the relative amount of light transmitted 
through the different portions of a lamina. At its base) a graded lamina 
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appears somewhat transparent owing to greater amount of light transmitted 
by the bigger grains. The upper portion appears darker since much of the 
light is cut off by cryptograined calcite. Medium to coarse silt-sized 
terrigenous quartz and mica occurs associated with the basal* micrograined 
portions of laminae. 
The size grading of carbonate particles within a lamina appears 
to exert a control over dolomitization (Plate X* Fig. F). Dolomite is 
mostly concentrated along the base of a lamina where it forms more or less 
continuous layer. From the base upward) dolomitization decreases to the 
extent that top of a lamina shows few isolated rhombohedra. Dolomite 
content of laminae control their colour. Laminae with high dolomite 
content appear red whereas those containing l i t t l e dolomite are blue. 
Dolomite occurs either as single fully developed rhoetf)ohedra^0.05 
to 0.16 mm in size* floating in micrite or as patches of several mutually 
interfering rhoobohedra. The rhombohedra invariably possess an iron-rich 
rim and relatively clear core. This zoning is best revealed by staining 
the specimens with Alizarin Hed S when rhombohedra show a central calcitic 
portion and a peripheral dolomitic rim. On the average* the graded micrite 
contains 5 to 30 per cent dolomite by volume. 
Dolomitized micrite.- This micro fades occurs in unit B of Bhander 
Limestone. In hand specimens} i t appears as red-coloured crystalline and 
massive carbonate rock which shows faint traces of laminae. 
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PLATE XI 
PHOTOMICROGRAPHS OF BHANDER GROUP CARBONATES SHOWING CHARACTERISTIC 
FEATURES OF DOLOMITIZED MICRITE,INTERUMINATED MICRITE-
CALCISILTITE,AND INTRACALCISILTITE 
MTCROFACIES 
F i g . A.- Dolomitized m i c r i t e s t a i n e d with A l i z a r i n Red S showing 
abundant and wel l developed dolomite rhombohedra. Dolomite 
crys ta ls have been stained red in the i r central c a l c i t i c 
portion which shows the rhombohedral cleavage clearly and 
appears comparatively darker than the marginal dolomitic 
por t ion. Dolomite crystals are generally mutually in te r -
fering but occasionally single and flofiting crystals can 
also be noted in the upper left and lower left part of 
the photograph. 
(Plane-polarizedj X 45) 
F ig . B.- Dolomitized micr i te . Note micr i t ic inclusions within 
dolomite crystals and consequently the i r turbid nature 
in the central part of the photograph. 
(Plane-polarized> X 45) 
F ig . C - Inter laminated m i c r i t e - c a l c i s i l t i t e . Micrite laminae 
appear darker in comparison to the adjacent c a l c i s i l t i t e 
laminae. 
(Plane-polarizedj X 16) 
F ig , D,- "Dismicrite" showing abundant i rregular vugs f i l l ed with 
sparry ca l c i t e . 
(Plane-polarizedj X 16) 
F ig . E.- I n t r a c a l c i s i l t i t e largely composed of carbonate s i l t with 
few sparsely dis t r ibuted "pel le to ldal" micr i t ic in t rac las t s 
which stand out as dark patches. Many in t rac las ts appear 
as "ghost" structures due to aggrading r ec rys t a l l i za t ion . 
Note generally subangular outlines of in t rac las t s and 
the i r variable shape and s i z e . 
(Plane-polarizedj X 16) 
F ig . F . - I n t r a c a l c i s i l t i t e with abundant in t rac las t s which are 
ra ther loosely packed. Note the generally subrounded 
outlines of i n t r a c l a s t s . 
(Plane-polarizedj X 16) 
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The microfacies contains 80 to 95 per cent dolomite by volume. 
Due to their abundance^ dolomite rhonbohedra show mutual interference but 
occasionally there occur single well developed rhoid)ohedra surrounded by 
mierlte (Plate XI) Fig. A ) . The turbid nature of dolomite crystals and 
micrite inclusions in them are indicative of their replacanent origin 
(Plate XIj Fig. B ) . Micrite forms 5 to 20 per cent by volume of the rock 
and occurs sporadically in between dolomite rhombohedra. Micrite is rich in 
terrigenous clay material and appears as an intricate mixture of crypto-
crystalline calcitey cryptocrystalline silica and minute mica flakes. 
Inter laminated micrite-calcisiltite.- This microfacies is confined to the 
black limestone (unit D) of Bhander Limestone. In hand specimens the rock 
is dark grey and shows alternate lithographic laminae and silty laminae. 
In thin sections* the microfacies shows alternate laminae of micrite and 
calcisiltite which are from a fraction of a millimetre to a millimetre 
thick (Plate Xlf Fig. C ) . The microfacies shows a complete spectrum from 
almost pure micrite* through micrite and calcisiltite in equal proportions* 
to almost pure calcisiltite. At the micrite end of the spectrum* calcisi-
ltite laminae occur as thin and disconnected lenses. At the other end of 
the spectrum* the microfacies consists almost entirely of calcisiltite. 
The micrite laminae appear darker in comparison to the adjacent calcisiltite 
layers. The interlayer boundaries between micrite and calcisiltite are 
uneven and show features* like erosional pits* which indicate reworking. 
Tlie erosional pits present at the top of micrite layers are filled with 
carbonate silt. In some of the samples micrite layers are disrupted 
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and torn. Ripped-up angular fra^ents from micrite layers are included 
within the overlying ca lc i s i l t i t e layer. Moreover^ irregular vugs filled 
with sparry calcite are abundant in such samples. These samples can be 
classified as "Dismicrite" (Folk* 1962» p. 69) because of the presence 
of disturbed micrite layers and abundant vugs (Plate XI) Fig. D). 
In t raca lc i s i l t i t e . - Intraclast-bearing carbonate s i l t microfacies has 
been termed "intracalcisiltite** in the present study. This microfacies 
occurs in the black limestone? (unit D) of Bhander Limestone. In hand 
specimens it appears as a dark grey s i l ty carbonate rock. 
Under the microscope* the microfacies is seen to consist of 
de t r i ta l carbonate s i l t (average grain size* 0.06 mm) and intraclasts of 
micrite (Plate XI, Figs. E, F). The intraclasts form 10 to 50 per cent 
by volume in various samples. They range in size from 0.2 mm to 1.6 mm 
and are generally rounded althou^ subrounded and angular intraclasts 
also occur. Their outline is mostly ovoid but ranges from circular to 
elongated. Intraclasts are composed of homogeneous micrite and stand 
out as darker patches floating in the matrix of carbonate s i l t . Inhere 
the micrite of the intraclasts has recrystallised into bigger grains 
(aggrading recrystalllsation or neomorphism, Folk, 1965, p . 37) of almost 
the same size as that of the surrounding s i l t grains, the intraclasts 
show hazy boundaries and appear as "ghost" structures. The intraclasts 
resemble pellets inasmuch as they are constituted of homogeneous micrite 
and very often possess a pelletal shape. However, their intraclastic 
nature is evident from their poor sorting, variable shape and larger size 
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(Folkf 1962} p. 65). Moreover) in the associated dismicrites there occur 
undoubted intraclasts ripped-up from the Immediately underlying nicrite 
layers. These Intraclasts are similar to the pelletoidal intraclasts 
except in being angular. Thus* pelletoidal intraclasts appear to be a 
product of transportation and rounding of ripped-up fragments from 
micrite layers. The packing density of intraclasts is quite variable. 
In some thin sections only a few intraclasts occur which l ie sparsely 
dispersed in the carbonate s i l t matrix (Plate XI} Fig. E). In other 
specimens* intraclasts form about 50 per cent by volume and are rather 
loosely packed and floating (Plate Xlf Fig. F). In such samples intraclasts 
show better sorting and a crude subparallel arrangement of their long axes. 
Moreover) sparry calcite occurs in small irregular patches to the extent 
of 5 to 10 per cent by volume of the rock in some specimens. These patches 
of sparry calcite may represent fil l ing of vugs. 
Intrasparrudite.- This microfacies occurs in the unit B of Bhander 
Limestone. In hand specimens it is a blue^-coloured flat pebble calcirudite 
breccia in which flat pebbles are of blue micrite. In thin sections the 
microfacies consists of large intraclasts^ 1 mm to more than a centimetre 
in size} enbedded in a intrasparitic matrix (Plate XII} Figs. A) B). 
While few of the large intraclasts are micritic^majority of them are 
constituted of intrasparite and therefore appear similar to the intra-
sparitic matrix. However} selective dolomitization helps in differentiating 
the two: while matrix contains appreciable quantity of dolomite^intra-
clasts are almost free from dolomitization. Moreover} intraclast boundaries 
PLATE XII 
PLATE XII 
PHOTOMICROGRAPHS OF BHANDER GROUP CARBONATES SHOWING CHARACTERISTIC 
FEATURES OF INTRASPARRUDITE, TNTRAMICRUDITE AND OOSPARITE MICROFACIES 
Fig . A.- Intrasparrudite composed of large in t r a spa r i t i c in t rac las t s 
embedded in an in t r a spa r i t i c matrix. The matrix? though 
similar in appearance to large in t rac las ts? is dist inguishable 
by the abundant presence of oxidized ferruginous dolomite 
appearing as black patches in the photograph. Note the 
complete absence of dolomite from large i n t r a c l a s t s . 
(Plane-polarizedj X 16) 
Fig . B.- In t rasparrudi te . Note the generally elongated outlines of 
in t raclas ts? thei r poor sort ing and s t y l o l i t i c contacts 
in the left and lower parts of the photograph. 
(Plane-polarized) X 16) 
F ig . C - Intramicrudite composed of micr i t ic in t rac las t s embedded 
in a pa r t i a l ly dolomitized micr i t ic matrix. Note that the 
in t rac las t s are completely free from dolomitization. 
(Plane-polarized) X 16) 
Fig. D.- Intramicrudite showing almost completely dolomitized micr i t i c 
matrix. Some in t rac las t s are also dolomitized but p a r t i a l l y . 
Note the poor sort ing of intraclasts? the i r floating nature 
and rounded outlines In the centre of the photograph. 
(Plane-polarized? X 16) 
Fig. E.- Oosparite composed of ooli tes cemented with sparry c a l c i t e . 
Note generally rounded outlines of oolites? the i r good 
sorting? and normal framework. Dolomite rhorabohedra with 
abraded and rounded edges form the nuclei of the oo l i t e s . 
(Plane-polarized? X 45) 
Fig. F . - Oosparite. Note the composite ool i te with several nuclei 
in the upper right corner of the photograph. Abraded and 
rounded dolomite rhombohedra without surrounding rims can 
also be noted. 
(Plane-polarized? X 45) 
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are clearly marked in most of the cases due to the presence of a ring of 
dolomite surrounding intraclasts. The intraclasts are mostly elongated 
and show rounded edges. However} some of thera are equant and a few others 
are angular. They are poorly sorted and somewhat loosely packed but show 
stylol i t ie contacts at the edges. It appears that intraclasts have been 
derived locally and redeposited since the composition of intraclasts and 
that of matrix is similar. Both consist of small rounded pelletoidal 
intraclasts* 0.03 mm to 0.25 mm in size cemented together with sparry 
calcite. Intrasparite constituting some large intraclasts shows layering 
and size grading of i ts constituent particles. 
As already indicated) dolomitization is mostly restricted to 
matrix and very few intraclasts show dolomitization. Dolomite occurs as 
isolated rhond)ohedra and small patches of several mutually interfering 
rhombohedra. Dolomite crystals invariably possess a ring of iron oxide 
and some of them cut across intraclast-matrix boundary. 
Intraraicrudite.- This microfacies is present in the basal units of 
Bhander limestone and Sirbu Shale. In hand specimens} i t is a red-
coloured flat pebble calclrudite breccia In which flat pebbles are coi^osed 
of red micrite. In thin sections} the microfacies consists of intraclasts 
and matrix both of which are constituted of similar red micritic material 
and hence appear alike except for the fact that matrix is invariably 
dolomitized (Plate XII} Figs. C} D). Thus} restricted presence of dolomite 
within the matrix helps to distinguish it from the intraclasts. The 
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intraclasts range in size from a fraction of a centimetre to more than 
a centimetre. Their shape is variable and ranges from irregular to 
elongated with rounded edges. Sorting of the intraclasts is poor and 
the packing of the framework constituents is loose. 
As compared to Intrasparrudite microfaciesi the intramicrudite 
microfacies shows greater amount of dolomitization. In some of the samples» 
matrix is completely dolomitized consisting of a mosaic of dolomite 
rhombohedra) 0.05 mm to 0.16 mm in s ize . The turbid nature of dolomite 
rhombohedra and inclusions of micrite within them indicate that dolomite 
has replaced pre-existing micrite. In such highly dolomitized samples 
intraclasts also show dolomitization and are partly to completely dolo-
mitized. The completely dolomitized intraclasts appear similar to the 
surrounding dolomitized micrite but preservation of a ferruginous ring helps 
to distinguish such intraclasts from matrix. In other samples matrix is 
only partially dolomitized and dolomite rhombohedra occur singly and in 
patches of several ones. 
The intramicrudite microfacies presents a case of textnral 
inversion because intraclast-bearing carbonate rocks are generally well 
winnowed and cemented with spar. This is because the currents which are 
strong enough to produce intraclasts* are also able to wash out any lime 
mud present. Therefore* the coexistence of intraclasts and lime mud 
indicates that the former were produced in a high energy environment and 
then d^osited in a low energy environment. 
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OosparitQ.- This nicrofacies occurs in unit A of Sirbu Shale and 
megascopically it is a red-coloured cross-laminated carbonate rock. 
In thin sectionsi the microfacies consists of oolites and sparry ealcite 
cement (Plate XII) Figs. E)F). In plane.polarized l i ^ t oolites stand 
out as darker} somewhat brownish grey patches surrounded by transparent 
and clear crystals of ealcite cement. Crystals comprising cement are on 
the average 0.05 mm in size. Oolites are generally 0.5 mm in size 
but smaller oneS) up to 0.2 mm in size* also occur. They show mostly 
circular outlines but some oolites possess sub-circular while a few others 
exhibit oblong outlines. Sorting of oolites is good and they show close 
packing and normal framework. Oolites are mostly single but there also 
occur composite ones which show two or more nuclei enclosed in a comnon 
envelope. The rim or envelope of oolites shows faint traces of concentric 
structure. The nuclei of oolites consist of zoned dolomite rhombs 
showing abraded and rounded edges. Similar dolomite rhombsjunabraded to 
abraded) also occur independently without a surrounding rim. 
Dolomitization 
Several diagenetic features) such as dolomitization) silicification) 
pressure solution (stylolites) and ealcite veining) were noted in the 
carbonate rocks of the study area. However, dolomitization is by far the 
most in^ortant diagenetic feature and has been studied in detail. 
To a greater or lesser extent) dolomite occurs in all the carbonate 
rocks of the study area excepting those of unit D of Bhander Limestone. 
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In the various rocks dolomite content ranges from 5 to 95 per cent by 
volume. Dolomite generally occurs as well developed isolated rhombohedraj 
0.05 to 0.16 mm in size) which float in a micrite matrix. The rhombo-
hedra are zoned showing a calcitic core and a dolomitic periphery. The 
outer rim is invariably iron-rich. 
That dolomite of the carbonate rocJcs studied is not a primary pre-
cipitate but has originated from replacement of micrite is evidenced by 
(1) zoning of rhortbohedra (Murray, 1964), (2) inclusions of micrite within 
rhondSohedra (Carrozl, I960, p. 282), (3) floating nature of dolomite rhombo-
hedra (Carrozl, I960, p. 282; Textoris, 1968, p. 231) and (4) presence of 
relict structures (Friedman and Sanders, 1967, p. 294) like faint traces of 
laminae discernible in otherwise massive-appearing dolostone bands which 
represent almost completely dolomitized laminated carbonate mudstones. 
The control of several primary depositional features on dolomitiza-
tion of the rocks studied is indicative of a very early age of replacement, 
almost penecontemporaneous with sedimentation. The leading evidence for 
early dolomitization is provided by selective dolomitization of matrix 
of flat pebble breccia. In both intrasparrudite and intramicrudite micro-
facies dolomitization is generally restricted to matrix whereas intraclasts 
are free from dolomitization. The most likely cause of this selective 
dolomitization is the difference in porosity, that must have existed at the 
time of deposition, between freshly deposited matrix and already lithified 
flat pebbles. Another depositional feature exerting a control on dolomiti-
zation is graded bedding. This is apparent from the manner of dolomite 
distribution in a graded lamina as discussed earlier. Moreover, the control 
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of bedding on dolomitization is apparent from occurrence of highly dolomi-
tized very thin layers and bands (up to a metre thick) parallel to bedding. 
The control of depositional features on dolomitization and lack of control 
of post-depositional structures* like fractures* are* therefore* suggestive 
of an early date of dolomitization (Carrozi* 1960» p. 276). 
Thus* several lines of evidence suggest that dolomite of the rocks 
studied originated very early in the environment of sedimentation by pene-
contemporaneous replacement of calcium carbonate. Such early dolomitization 
has been reported characteristic of modern sea marginal and supratidal environ-
ments of S. Australia (Alderman and Skinner* 1957* Skinner* 1963* Skinner and 
others* 1963)* Persian Gulf (Wells* 1962; Curtis et aj,.» 1963; Shearman* 1963; 
I l l ingand Wells* 1964; I l l i n g s l a i . * 1965; Kinsman* 1965)* Bahamas and 
Florida (Shinn and Ginsburg* 1964; Shinn fiiai.* 1965a* b)* Bonaire Islands* 
Netherlands Antilles (Deffeys gt. ai«> 1963* 1965). On these sea marginal 
supratidal flats^sea water brought by periodic flooding or from below by 
capillary action evaporates and becomes concentrated* and these concentrated 
solutions react with pre-existing calcium carbonate sediment giving r ise to 
dolomite (Friedman and Sanders* 1967, p . 267* 280-281; Usdowski* 1968* p.26). 
By analogy with these modern dolomite forming areas* i t seems highly probable 
that early dolomite of replacement origin of studied rocks was formed in 
sea marginal supratidal environments. 
CHAPTER IV 
DEPOSITIONAL ENVIRCNHENTS 
CONCEPT OF DEPOSITIONAL ENVIRONMENT 
Several workers (Shepard and Moore* 1955> Krundiein and Sloss* 
1963J Potteri 1967) have attempted to define the concept of "deposlt ional 
environment", Shepard and Moore (1955» p . 1488) defined i t as "a spa t ia l 
unit in which external physical* chemical* and b io log i ca l conditions and 
influences af fect ing the development of a sediment are s u f f i c i e n t l y 
constant to form a charac ter i s t i c deposit". Krumbein and Sloss (1963» 
p . 234) defined sedimentary environment as "the complex of physical* 
chemical and b i o l o g i c a l conditions under which a sediment accumulates"* 
and they emphasized the importance of a "process-response model" for 
environmental reconstruct ion. A geomorphic concept of d ^ o s i t i o n a l 
environment was advocated by Potter (1967* p . 340) who s tated that "A 
geomorphic unit having a part icular s i z e and shape is determined by a 
s e t of processes operating at spec i f i ed i n t e n s i t y which produce a deposit 
defined by a set of values of physical and chemical var iab les ." 
In the present study* both the geomorphic concept of Potter (1967) 
and process-response model concept of Krumbein and S loss (1963) have 
been employed for the recognit ion of ancient environments. Thus* 
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interpretation of depositional environments of Bhander Group of the 
study area is mainly based on comparisons and best f i t with process-
response models evolved for various geomorphic units* such as al luvial 
channel) flood plain» tidal channel} tidal flat* lagoon and beach. 
Moreover* consideration of vertical facies changes was also helpful in 
a large measure for interpreting ancient environments. Walther (1894* 
p . 620-621) stated that in a conforirable rock sequence* the vertical 
facies changes mirror the horizontal facies variations. 
The entire Bhander Group of the study area appears to have fonned 
in a nearshore marine environment as suggested by the pres«ice of glauco-
nitized clay pellets almost throughout the sequence. That marine conditions 
did not involve deep waters is indicated by the frequent presence of 
features suggestive of emergence and subaerial conditions. The response 
elements of Bhander Group* like geometry* lithology* sedimentary structures* 
and others* and their spatial variations compare well with those observed 
on modern tidal flats* lagoons and beaches. Therefore* the model of 
nearshore marine sedimentation based on studies of modern tidal flat* 
lagoon and beach environments has been discussed below at some length 
before attempting detailed interpretation of depositional environments 
of Bhander Group of the study area. 
MODEL OF NEARSHORE MARINE SEDIMENTATION 
The nearshore marine zone generally shows geographic coiqjlexity 
since several geomorphic units* like t idal flats (including t idal channels)* 
lagoons and beaches n»y coexist . Tidal flats form along the margins of 
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lagoonsj estuaries and bays — those parts of a coast where the waves are 
unable to beat in full strength against the shore. Lagoons have close 
association with t idal flats since both require protection from wavest 
the difference between the two being a matter of degree of protection and 
isolation from open sea conditions. Strong protection needed for generation 
of lagoonal conditions is provided by barrier beaches or sp i t s . Beaches are 
quite different from tidal flats and lagoons because they form along those 
parts of a coast which are exposed to strong wave attack. Each geomorphic 
unit of the shore is characterized by a certain set of processes which 
leave their iinprint on the sediment deposited. 
Tidal Flats (including Tidal Channels) 
The process-response model of t idal flat sedimentation is well-
known since modern t idal flats have been intensively studied in areas of 
both clastic and carbonate sedimentation. Important contributions to the 
study of clastic sedimentation on modern tidal flats have been made by 
Hantzschel (1939), Van Straaten (1950, 1954a, b, 1959, 1961), Klein (1963, 
1964, 1967a, 1970a), Reineck (1963, 1967), Evans (1965) and Thompson (1968). 
Recently, Klein (1971, p. 2585) proposed a process-response model 
for recognizing sedimentary rocks of t idal flat origin based on data 
obtained from Holocene sediments. Klein (1971, p . 2585) stated "Sediments 
deposited by tidal currents are characterized by a distinct combination of 
sedimentary structures, vertical sequences, textures, and llthologies 
reflecting 10 phases of tidal sediment transport in both clastic and 
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caitonate environraents'S and "It is mandatory to document con4)inations of 
cri teria indicating processes of exposure? evaporation and late-stage 
emergence run-off prior to exposure's in recognizing tidal origin of 
ancient sediments. 
The realm of clastic intertidal sedimentation is generally 
divisible into three distinct zones, low» mid and high tidal f lat , dis-
tributed parallel to shore from high to low tide level (Klein, 1971, 
p . 2587). Each zone is characterized by a certain set of sediment transport 
processes that determine the composition, texture and structure of the 
sediments within that zone. A "fining-shoreward" textural distribution 
occurs across the t idal flat from low to high tide level in response to 
sediment transport zonation. The low tidal flat environment is characterized 
by dominant bedload transport and late-stage emergence run-off prior to 
exposure. The bedload transport deposits cross-stratified sands with 
bipolar-bimodal dip orientation resulting from reversing tidal currents. 
The late-stage sheet-like emergence ebb outflow produces a characteristic 
coni)ination of features in the low tidal flat environment. These features 
include ripple-breaching, flat-topped and rhonbic ripples, r i l l s , small 
current ripples superimposed at 90 or obliquely on larger current 
ripples, and current ripples superimposed at 90 or 180 on foresets of 
cross-stratif ication. The low tidal flat zone grades landward into mid 
flat zone where sedimentation is alternately by bedload sand transport 
and clay suspension. This alternation of the two sedimentation processes 
results in deposition of flaser-bedded sands and s i l t s , lenticular-bedded 
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sands set in mudstone? and interbedded 0.5 am thick layers of sand and 
clay comprising "tidal bedding" of Wunderlich (1970» p . 106, his fig, 8 ) . 
Farther landward, the raid flat zone passes into the high flat zone which 
extends up to the high tide level. In this zone sedimentation is mainly 
by suspension resulting in deposition of s i l ty clays. 
Tidal channels and gullies are important geomorphic features of 
t idal flat environment. Van Straaten (1961, p . 215) stated that "wherever 
t idal flats of some extent are developed, channels are necessarily scoured 
out, owing to the continuous in- and out-flow of water with the tides", 
and further that "presence of these channels and their sediments is 
probably one of the best cri teria for a genesis in t idal flat environments". 
Across the tidal flat , and landward from inlets , t idal channels show a 
general decrease in width, depth, current velocities, and a general 
increase in the contents of suspended mud (Van Straaten, 1961, p . 205j 
Shinn et. al,., 1969, p . 1206; Davies, 1970a, p . 101-105). Gullies debouch-
ing into the t idal channels sometimes extend upstream into the higher 
parts of the flats or even into the supratidal zone (Van Straaten, 1959, 
p. 199). Channel floor deposits are mostly very sandy as a result of 
stronger tidal currents, but tend to be richer in mud in some abandoned 
channels or in channels of high flats where currents are less effective in 
winnowing out the bottom material (Van Straaten, 1959, p . 199). Sand 
bodies of t idal channel origin share many of the characteristics of 
alluvial sand bodies (Potter, 1967, p . 348; Johnson and Friedman, 1969, 
p . 472) because the sedimentary processes operative in modern sinuous 
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tidal channels are essentially the same as those in the meandering 
alluvial channels. In both the cases» a "fining-upward" sequence is 
generated by lateral migration of channels and current slackening. 
Howeverf tidal channel sand bodies can be recognised in ancient sediments 
by (1) their close association with strata of marine origin (Johnson and 
Friedman} 1969» p. 473)i (2) bipolar-bimodal dip orientation of cross-
strata* and (3) presence of glauconite (Potter» 1967j p. 349). 
The tidal flat environment of carbonate sedimentation is not much 
different from that of clastic sedimentation since the sedimentary 
processes operating in the two environments are essentially alike (Klein^ 
1971» p. 2585). Several excellent studies of modern tidal flat environ-
ments of carbonate sedimentation have been conducted by Black (1933)> 
Ginsburg (1957), Newell and Rigby (1957), Cloud (1962), Deffeys fil a l . , 
(1963, 1965), Purdy (1963), Purdy and Irabrie (l964). Tiling g l §1. (1965), 
Irabrie and Buchanan (1965), Shinn gt. a i . (1965a> b, 1969), Kendall and 
Skipwith (1968), Lucia (1968), Shinn (1968), Davies (1970a, b), and 
Ginsburg fii. aJL, (1970). Evans (1970) made a comparative study of 
clastic and carbonate sedimentation in coastal and nearshore environments. 
These studies of Recent clastic and carbonate sediments have 
provided criteria for recognizing not only ancient tidal flats but also 
their subenvironments, such as supratidal, intertidal (high,fflid, low), and 
subtidal. These criteria have been eaplojei for environmental interpre-
tation of ancient clastic tidal deposits by Tanner (1953), Rusnak (1957), 
Niehoff (1958), Potter and Glass (1958), Allen and Tarlo (1962), Briggs 
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(1963), Hayes (1963), tane (1963), Allen (1965b), Dineley (1966), Otvos 
(1966), Reading and Walker (1966), Seiley (1966, 1967), Spjeldnaes (1966), 
Tohill and Picard (1966), Weimer (1966), Masters (1967), Bigarella and 
Salarauni (1967), McCave (1968), Smith (1968), Thompson (1968, 1969), 
Williams (1968), Johnson and Friedman (1969), Uird (1969), Ryan (1969), 
Wunderlich (1970), Klein (1970b) and Swett fit. ai . (1971). Other workers, 
like Fischer (1969), Textoris and Carrozi (1966), Goldberg (1967), Uporte 
(1967, 1969, 1971), Matter (1967), Roehl (1967), Schenk (1967), Textoris 
(1968), Brautt and Friedman (1969), Mukherji (1969), Kepper (1972), and 
Young jgt. al.. (1972) have en^loyed these criteria for recognizing ancient 
carbonate deposits of tidal flat origin. 
Lagoons 
Modern lagoons have been investigated by Krumbein (1939), Shepard 
(1953), Shepard and Moore (1955), Stewart (1956), Moore and Scruton (1957), 
and Shepard and Rusnak (1957). Characteristics of lagoonal sediments 
have been summarized by l^renhofel (1950), Dunbar and Rodgers (1957), Van 
Straaten (1959), and Masters (1967). 
Geological processes operative in a lagoon are strongly influenced 
by its protection from strong waves and currents. General lack of wave 
and current action within a lagoon is responsible for deposition of mostly 
fine elastics, such as silty clays, silts and fine sands. Deposition is 
mainly from suspension resulting in fine parallel lamination of sediments 
which may be destroyed by burrowing organisms. Gentle current action 
gives rise to small ripples and ripple cross-lamination. Some channels may 
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he present forming passageways between the open sea and the lagoon. 
Within these channels» coarser sediment may be deposited and which may 
show current-formed structures* like ripples and cross-stratification. 
Restricted nature of lagoonal basin and consequent lack of water circu-
lation may result in reducing conditions within the lagoon. 
It may be emphasized here that in ancient sediments it is very 
difficult to completely differentiate lagoonal and tidal flat deposits 
because they are intricately mixed owing to the close association of the 
two environments. The d^ositional pattern In shore lagoons resembles 
that on tidal flats and such lagoons may in time f i l l up and give way to 
tidal flats (Dunbar and Rodgers* 1957» p. 73). The lagoonal environment 
has been recognized in few ancient sediments (Van Straaten* 1954a; 
Masters» 1967). 
Beaches 
The process-response phenomena of the beach environment have been 
documented by Thompson (1937)f Martens (1939)t King and Williams (1949)* 
Van Straaten (1954b» 1959)» Dunbar and Rodgers (1957), Trefethen and Dow 
(1960), Une (1963), Reineck (1967), Potter (1967), Clifton (1969), 
Clifton £1 al . (1971), Davis and Fox (1972), and Davis sLSl' (1972). These 
studies have provided criteria for recognizing beach deposits in ancient 
sediments. 
Beaches are generally divisible into a "foreshore" and a "backshore" 
zone (Martens, 1939*, Dunbar and Rodgers, 1957). The foreshore lies between 
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the ordinary high and low tide levels and the backshore* located above the 
ordinary high tide level* is inundated only during exceptional storms. 
The foreshore is commonly further divisible into the upper foreshore 
which has a smooth profile* and the lower foreshore which is uneven owing 
to the presence of the ridge and runnel system (King and Williams* 1949} 
Reineck, 1967; Davis s i a i . , 1972). 
The upper foreshore is generally characterized by remarkably even 
and parallel laminations* primary current lineation* and thin bands of 
heavy mineral concentration (Thompson* 1937* Dunbar and Rodgers* 1957* 
Van Straaten* 1959; Lane* 1963; Potter* 1967; Clifton* 1969; Clifton 
fit, al..» 1971). All these features are the products of high energy conditions 
that exist on beaches. Parallel and even nature of beach laminae and their 
close association with parting lineation attest to their origin as a 
result of plane bed movement of sand in the upper flow regime generated 
by swash and backwash (Van Straaten* 1959; Allen* 1963c; Clifton* 19(fi). 
Swash and backwash also bring about a separation of heavy and light 
minerals and their concentration in separate layers (Dunbar and Rodgers* 
1957; Van Straaten* 1959; Logvinenko and Remizov* 1964; Ziraraerle* 1964). 
The ridge and runnel topography of the lower foreshore is asso-
ciated with storm activity (Davis fil al.* 1972). The ridge migrates 
landwards and gives rise to planar cross-stratification (Van Straaten* 
1959* p. 204; Davis filaio 1972* p. 420). As a result of wave action, 
water spills over the ridge and becomes trapped in the-runnel where it 
flows* guided by the ridge* and generates small ripples and ripple cross-
lamination (Van Straaten* 1959; Une* 1963; Davis filal..* 1972). Thus* a 
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characteristic interbedded sequence of flat-bedded* planar cross-stratified* 
and ripple cross-laminated sand is generated in the beach deposits. The 
backshore shows various features* such as parallel and even laminations* 
cut- and-f i l l cross-stratification* patches of much disturbed sand and 
lenses of s i l t or clay (McKee* 1957b; Dunbar and Rodgers* 1957). 
Recognition of various beach subenvironments is considered redundant in 
the case of ancient sediments (Potter* 1967) and* hence* no attempt was made 
to differentiate lower foreshore* upper foreshore and backshore deposits 
in the present study. 
ENVIRONMENTAL ANALYSIS OF BHANDER G80DP 
Ganurgarh Shale 
Dnit A.- This unit consists of generally blue and reddish grey-coloured 
laminated shales and si l tstones occurring in upto a few metres thick 
bands* and small lenses of s i l t y sandstones which are a few tens of centi-
metres thick and a few metres in lateral extent. The prominent features 
of this unit* such as prevalence of fine elastics* general absence of 
large-scale current- or wave-formed structures and presence of glauconi-
t ized clay pellets* are Indicative of i ts origin in a broadly low energy 
marine environment. By and large* low energy conditions of deposition 
are also borne out by the dominance of parallel stratif ication (even and 
ripple laminations) in shale and s i l tstone bands since such stratif ication 
is known to form in the absence of bedload transport and by dominant 
deposition from suspension in almost quiet waters (Harms and Fahnestock*1965). 
I l l 
Intermittent occurrence of small-scale ripple marks at discrete levels 
in laminated shales and siltstones indicates that slack-water conditions 
were often interrupted by a slight increase in energy level because such 
small ripples are generated under the lower part of the lower flow regime 
(Allen* 1963c). Ripple lamination of shales and siltstones probably 
resulted when slack-water conditions were resumed after an episode of 
rippling and deposition from suspension took place on the rippled surface 
(Harms and Fahnestock, 19|^ > Jopling and Walker* 1968). Many environments, 
such as those of high tidal flat* lagoon and alluvial flood plain are 
favourable to the formation of parallel s t rat i f icat ion. However} the 
presence of glauconite rules out the flood plain environment for this 
unit, leaving behind the alternatives, high tidal flat and lagoon. 
Bipple cross-lamination similar to micro cross-lamination of 
Hamblin (196la, b) and Nu type cross-stratification of Allen (1963b), 
occasionally occurs in si l tstone bands in the form of thin (a few centi-
metres thick) and extensive sheet-like cosets. On the upper surfaces of 
such sheets, individual sets of cross-laminae, almost parallel and uniform 
in size, appear as rib-and-furrow, This structure is believed to form by 
migration of trains of small-scale asymmetrical ripples (Hamblin, 1961bJ 
Allen, 1963b). Ripple cross-lamination is not characteristic of any 
particular environment since it has been reported from flood plains (Hamblin, 
1961b), beaches (Lane, 1963; Van Straaten, 1959, Davis £t.2i«» 1972), 
lagoons (Van Straaten, 1954,a,b, 1959) and tidal flats (Van Straaten, 1961', 
Dineley, 1966; Johnson and Friedman, 1969; Thompson, 1969; Wunderlich, 
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1970» KleiDr 1970b). However» it is unlikely that ripple cross-lamination 
of this unit originated on flood plains where* as suggested by McKee 
(1966)» climbing ripple structure (Type A ripple-drift cross-lamination 
of Jopling and Walker* 1968) is characteristically formed when large 
quantities of sediments are deposited by rapidly spreading floods. Whereas* 
i t appears that sediment was in short supply during the formation of 
ripple cross-lamination of this unit since regarding the origin of this 
structure* Allen (1963b) suggested that "each ripple* in advancing one 
ripple length* should receive by deposition from suspension a volume of 
sediment substantially less than the volume of the ripple body". Such short 
supply of sediments is most likely in the sea marginal environments* such 
as t idal flats* lagoons and beaches* where "new sediments are introduced 
sparingly and unevenly"(McKee* 1966). In beach deposits* ripple cross-
lamination is characteristically associated with large-scale cross-
stratif ication or horizontal stratification of upper flow regime* and 
lack of such associations in this unit eliminates the possibility of a 
beach origin. Thus* in a l l probability ripple cross-lamination of this 
unit originated in either the t idal flat or lagoon environment. 
Small ripple marks (average wave length = 5 cm) are abundant on 
many sil tstone surfaces of this unit. Majority of them belong to synmetrical 
and "tadpole nests" varieties* and a few to asymmetrical type. Very small 
ripple marks (micro ripple marks) showing an average wave length of 5 mm 
also occur on some siltstone surfaces. Most ripple marks show planed-off 
crests and* therefore* belong to the flat-topped variety. In many exposures* 
such ripple marks appear as mere traces on bedding surfaces. Small 
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symmetrical ripple marks have been reported to be extremely common in 
both Recent sediments (Van Straaten, 1954a, b, 1959, p. 200, 1961, p. 214*, 
Howard and Dorjes, 1972, p. 616) and ancient sediments (Van Straaten, 1954a» 
Busnak, 1957; Potter and Glass, 1958; Hayes, 1963; Lane, 1963; Dineley, 
1966; Selley, 1966, 1967; Williams, 1968; Johnson and Friedman, 1969; 
Klein, 1970b; Wunderllch, 1970) of tidal flat origin. Observations on 
modern tidal flats have demonstrated that such small symmetrical ripple 
marks are formed on the higher parts of the flats which experience gentle 
wave action during high tides (Van Straaten, 1959, 196i; Howard and 
Dorjes, 1972). A similar environment is interpreted for the profusely 
developed small symmetrical ripple marks of this unit. 
An idea of water depth during the deposition of this unit can be 
formed on the basis of the size and form of the ripple marks (Tanner, 
1959a, I960). Small ripple marks (average wave length = 5 era), "tadpole 
nests", and flat-topped ripple marks occurring very coraonly in this unit 
are suggestive of very shallow waters, a few centimetres to a few tens of 
centimetres deep. Moreover, frequent presence of micro ripple marks 
(average wave length = 5 mm) suggests that water depth frequently did not 
exceed 3.5 cm (see Hunter, 1969, p. 1575). Thus, very shallow water 
conditions are indicated which ranged from almost emergent deposltional 
surface to a water depth of a few tens of centimetres. Moreover, the 
depositional surface was completely emergent periodically since shale and 
siltstone surfaces also occasionally show mud cracks, shale pebbles and 
rain-pitting in abundance. 
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Recent studies of process-response phenomena in the modern tidal 
flat areas by Tanner (1958, 1959a> I960, 1962), Klein (1970a, 1971), and 
Reyment (1971) suggest that the erosive action of retreating water-sheet 
of the ebb tide forms r i l l marks and planes off crests of existing 
ripples which are either completely obliterated or become flat-topped. 
By implication, the presence of almost completely obliterated and flat-
topped ripple marks, and r i l l marks in this unit is a convincing evidence 
of late-stage emergence run-off prior to exposure which is considered to 
be an important criterion for reco^izing tidal flat environment (Klein, 
1971). 
Lenses of s i l ty sandstones occurring within this unit are inter-
preted as channel-fills on the basis of their geometry and channelled 
basal contacts. Size of these lenses indicates that ancient channels 
were very small. Bases of channel-fills show flute and groove casts which 
are suggestive of turbulent scouring by strong currents operating within 
the ancient channels. (3iannel-fills also show horizontal stratification 
and parting lineation which are known to form by plane bed movement in 
the lower part of the upper flow regime (Harms and Fahnestock, 1965} 
Allen, 1963c, d, 1964). Bipolar-bimodal dip orientation of cross-
stratification within the channel-fills provides a strong evidence of 
their tidal nature (Reineck, 1963} Klein, 1967b, p. 373; Potter, 1967, 
p. 349). 
Depositional environment of unit A of Ganurgarh Shale can be 
viewed in a proper perspective when all the above discussed features are 
considered together. There emerges a broad picture of a lagoon-tidal flat 
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complex which is also supported by the prevalent blue and reddish grey, 
colour of the sediments Indicating the barred nature of the basin and 
slightly reducing conditions. 
Dnit B;- This unit of Ganurgarh Shale is characterized by prevalence of 
red colour and fine elastics —micaceous si lty shales. The shales generally 
appear massive but show parallel laminations on weathered surfaces. Small 
ripple marks and ripple cross-lamination occur in association with thin 
sheet-like siltstone intercalations^ otherwise the unit completely lacks 
current- and wave-formed structures. Moreover» sand-sized and bigger 
particles are entirely absent from this unit. 
V 
Several lines of evidence) such as prevalence of fine clasticS) 
general absence of current- and wave-formed structures and dominance of 
parallel laminations* are suggestive of deposition from suspension in 
slack waters. Prevalent red colour of sediments} and mud cracks indicate 
thorough oxidation and desiccation which is likely when depositional 
surface is emergent for long durations. An integrated approach) taking 
in view several features of this unit) such as (1) its superposition over 
unit A interpreted as a deposit of lagoon-tidal flat complex) (2) its 
response elements (lithology and stratification) and the inferred 
processes) and (3) the complete absence of channel-fills from i t ) suggests 
that this unit was formed in the supratidal flat environment. Lithology 
(si lty shales) and stratification (parallel laminations) of this unit 
coD^are well with those documented from the Recent deposits lying around 
the mean high tide level (Van Straaten) 1954aj Van Straaten and Kuenen) 
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1958} Belneck» 1967). The complete absence of channel-fills from this 
unit appears to be environmentally significant. As discussed elsewhere) 
observations on modem tidal flats have demonstrated that tidal channels 
become progressively smaller landward and finally cease to exist generally 
below the supratidal zone. This is because channels are scoured on tidal 
flats by tidal currents which become progressively weaker landward) so 
much SO) that farthest inland they are unable to do any scouring. Therefore) 
absence of channel-fills from this unit strongly supports the conclusion 
that i t was deposited in the supratidal zone. 
Bhander Limestone 
Unit A.- This unit is throughout red-coloured and consists of argil la-
ceous carbonate mudstones with some interbedded small lenses of flat pebble 
breccia towards i t s top. The argillaceous carbonate mudstones are thin 
to very thin-bedded and show occasional rust-coloured) wrinkled and* dis-
continuous laminae in the upper part of this unit . These laminae have 
been interpreted as sediment-binding algal mats for reasons discussed 
later in connection with the environmental reconstruction of the next 
unit H^ere they occur in force. 
In thin-sections) argillaceous carbonate mudstones have been 
recognized as clayey micrite microfacies which contains about 10 per cent 
(by volume) terrigenous admixture (mica flakes and quartz s i l t ) . I t shows 
occasional delicate algal-laminated structure and abundant sheet cracks 
and birdseye structure which are filled with sparry calci te . Sheet cracks 
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and birdseye structure are r^orted to be highly characteristic of 
Recent supratldal sediments (Shlnn, 1968; Shinn jgl ai.» 1969» p. 1210) 
and result from somewhat prolonged exposure* desiccation and shrinkage 
of the lime mud because supratidal zone is inundated only during storms 
and spring tides. Appreciable content of terrigenous material in this 
unit is also indicative of supratidal environment. Thompson (I968» p. 26) 
and Davies (1970b» p, 177) described wind-blown detritus (including 
quartz grains) from Recent supratidal sediments of the northwestern Gulf 
of California, and the Shark Bay of Western Australia. Textoris (1968j 
p. 239) interpreted terrigenous admixture in carbonate rocks of the 
Black River Group of New York as wind-blown and fluvial additions to 
supratidal sediments. The fine size of terrigenous admixture present in 
argillaceous carbonate raudstones of this unit is suggestive of its 
wind-blown derivation. 
Absence of algal mats in the lower part of this unit and their 
occasional appearance towards the top suggest that for a greater part 
of deposition of this unit environment was not suited to the growth of 
algal mats but turned favourable towards the closing stages of deposition. 
Kendall and Skipwith (1968) and Davies (1970a, b) have denonstrated, on 
the basis of their observations on Recent tidal flats of the Persian 
Gulf and Shark Bay areas, that algal mats develop typically near the 
Upper edge of the intertidal zone and in the transitional zone on to 
the supratidal flats. Flats which are permanently exposed to subaerial 
conditions do not permit algal growth. By analogy with these modern 
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t idal flats» a greater part of this unit» generally devoid of algal matsi 
represents high supratidal environment and prolonged exposures. However* 
appearance of occasional algal mats towards the top of this unit is 
suggestive of a gradual transition from high to low supratidal environment 
where occasional flooding permitted algal growth. 
Flat pebble breccia occurs in the upper part of this unit in the 
form of small lenses which are upto 20 cm thick and a few metres in 
lateral extent. Flat pebbles are exclusively constituted of argillaceous 
carbonate mudstones thereby indicating that they are locally derived. 
The horizontal to sub-horizontal arrangement of pebbles is suggestive 
of their deposition from suspension. Low energy conditions of deposition 
are further Indicated by the presence of micrite matrix in between the 
pebbles. The lenticular shape of breccia beds? their truncated bases, 
small size» and their d^osition under low energy conditions* are 
together suggestive of their origin in small gullies which* as observed 
on modern tidal flats (Van Straaten* 196i; Shinn gt. 2i.» 1969)» generally 
exist in high tidal flat zone but may uncommonly extend into the low 
supratidal zone. Repeated branching of tidal channels in landward 
direction gives r ise to small gullies which are reported 1.5 to 4.5 m 
wide and less than 1.5 m deep (Shinn fil ai.» 196^» p. 1206). Flood tide 
is a spent force by the time i t reaches these gullies through the trunk 
channels* and that is why low energy conditions and high mud content 
are obtained within such gullies (Van Straaten* 1961* p. 205). 
In thin-sections* flat pebble breccia has been identified as 
Intraroicrudite microfacies which consists of Intraclasts (flat pebbles) and 
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mierite matrix. The coexistence of Intraclasts and micrite matrix 
presents a case of textural inversion and indicates that flat pebbles 
did not originate by current action since currents strong enough to 
generate intraclasts are surely capable of completely winnowing away 
any lime mud present. Recent investigations in areas of modern carbonate 
sedimentation (Shinnt 19685 Daviest 1970bt p. 197) have demonstrated 
that prolonged subaerial exposure and desiccation of water-rich carbonate 
mud in supratidal zone causes brecciation of dried and hardened surfaces 
which are littered with platy fragments of lithified mud. During subsequent 
flooding) such fragments may be readily floated and transported because 
of their large surface-to-volume ratio? low bulk density^ and platy shape 
(Fagerstrom* 1967» Roehli 1967, p. 2009). Since flat pebbles of breccia 
under study do not appear to be current-formed, in all probability they 
were derived from breeciated crusts and floated to adjacent gullies when 
the ancient supratidal flat was flooded. Within the gullies, pebbles 
were deposited from suspension along with the lime mud. 
Absence of mud polygons and breeciated crusts from this unit is 
noteworthy and probably reflects the fact that their chances of rapid 
burial and preservation are poor on supratidal flats. Shinn (1966) reported 
that modern supratidal flats sometimes remain subaerially exposed for 
years. During such long periods of emergence, breeciated fragments 
littered on supratidal flats are disintegrated and weathered away and 
do not generally get a chance to be preserved. The restricted occurrence 
of flat pebbles within the small channel-fills of this unit suggests that 
while fragments littered on the ancient supratidal flat were disintegrated. 
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those which reached the adjacent gullies could be preserved. Thompson 
(1968, p. 21) denonstrated that water usually stays in depressions of 
the high flats even when the la t ter are completely dry and, thus, i t 
is quite likely that flat pebbles of this unit could be preserved in the 
ancient gullies because of their generally non-emergent nature. 
Flat pebble breccia shows dolomitization which has affected 
matrix much more than the pebbles. Iliis selective dolomitization in 
a l l probability was caused by difference In porosity, which should have 
existed at the time of deposition, between lime mud of gullies and 
l i thified flat pebbles derived from indurated surfaces of supratidal f la ts . 
Such early dolomitization, almost penecontemporaneous with deposition, 
is highly characteristic of Recent supratidal areas (Deffeys et^al,., 1965* 
I l l ing e l s i . , 1965} Shinn et a l . , 1965a, b ) . 
The colour of sediment is considered helpful in distinguishing 
the various subenvironments of tidal flats in ancient carbonate rocks 
(Shinn fiial., 1969, p . 1215). Colour of tidal flat sediments depends 
on oxidizing and reducing conditions controlled by lerel of t ides. Grey 
colour is believed characteristic of subtidal sediments which are always 
submerged. On the other extreme, supratidal sediments owing to prolonged 
exposures become completely oxidized and acquire red colour. Sediments 
in intertidal zone are also oxidized on diurnal exposures but not 
completely. On the premise that a similar colour variation is expected 
in ancient tidal flat sediments, the completely oxidized red-coloured 
argillaceous carbonate mudstones of this unit appear to have formed in a 
supratidal environment. 
121 
Thust several features of this unit? such as sheet cracks and 
birdseye structure* appreciable content of terrigenous admixture^ general 
absence of algal mats* intramicrudite microfacies occurring in small 
channel-fillS) early dolomitization and predominant red colour) are 
collectively suggestive of h i ^ to low supratidal environment. 
Unit B,- This unit of Bhander Limestone is composed mainly of laminated 
carbonate mudstones which are interbedded with lenses of flat pebble 
breccia and crystalline dolostone bands. 
The laminated carbonate mudstones have been interpreted as algal-
mat sediment on the basis of criteria for recognizing algal mats in 
sedimentary rocks documented by Ginsburg gj. ajL.. (1954* p. 30-31)» Mukherjl 
(1969» p. 1532) and Davies (I970b» p. 202-204). The mudstones consist of 
alternating algal-mat and intermat laminae. Algal-mat laminae are grey 
to black on fresh exposures but appear rust-coloured on weathering. They 
are generally wrinkled and discontinuous^ suggesting desiccation and 
disruption of algal mats under subaerial exposure (Mukherji) 1969) p. 1532). 
Algal-mat laminae are generally harder than the adjacent intermat laminae 
and thus stand out as delicate sharp ridges owing to differential weather-
ing. Harder nature of algal-mat laminae is possibly due to their higher 
dolomite content which laminae have probably inherited from algal-sheath 
material. This material is enriched in magnesium in modern algal mats 
as demonstrated by Gebelein and Hoffman (See Kepper) 1972) p. 503). Some 
of the algal-mat laminae show vertical corrugations which exhibit a 
strong leserablance to the "palisade" structure described and illustrated by 
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Davies (1970b» p . 186 and his fig. 13C). He demonstrated that in modern 
algal-matS) palisade structure is formed "by vertical algal filaments 
growing upward through sediment laminae"? and i t marks "the position of 
a zone of active filament growth". 
In thin-sectionS) the laminated carbonate mudstones (recognized 
as graded raicrite microfacies) show upto a millimetre thick laminae 
graded from mlcrograined at the base to cryptograined at the top. Graded 
bedding is a common feature of Recent algal-mat sediments as reported by 
Black (1933), Ginsburg gt §1. (1954), Shinn et JLL* (196^), and Devies 
(1970b). Each graded lamination in algal-mat sediments most probably 
represents d^osltion during one tidal pulse (Roehl, 1967, p . 1990» 
Davies, 1970b, p . 186). Grading of sediment particles is a proof of 
their clastic nature and mechanical deposition. Clastic texture of 
laminated carbonate mudstones is a further indication of sediment-binding 
activity of algae (Glnsburg £ l a l . . , 1954). Thus, several features of 
algal-mat laminae, such as their disturbed and harder nature, re l ic t 
palisade structure, and graded bedding, are suggestive of their origin 
on tidal flats by the trapping and binding of sediment particles by an 
algal layer consisting of a mat of mucilaginous filaments (Logan £t, a i . , 
1964, p. m). 
Modern environments of algal-raat growth and resulting sediments 
have been studied by Black (1933), Ginsburg £ l a i . (1954), Kendall and 
Skipwlth (1968), Shinn £t a i - (1969), and Davies (1970a, b ) . These 
studies have shown that flat-lying algal-raat sediments are formed in 
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sheltered embayments and lagoons in contrast to large-scale algal 
structures with gravity-defying arrangement of laminae) such as Cryptozoon 
and Collenia which develop in the intertidal zone of headlands exposed to 
waves and tidal scour (Logan £t.al..» 196l» 1964). Algal mats are found 
typically developed in the high intertidal zone and in the transitional 
zone on to the supratidal flat (Daviesj 1970a> p. 126, 158, 1970b, p . 181). 
Kendall and Skipwith (1968) stated "algal-raats grow best where they can 
obtain the maximum sun l i ^ t and yet remain moist and in contact with 
water. Where the area is almost permanently under water, as at the lower 
edge of the intertidal zone, algae grow in profusion on the sediment 
components, but do not form mats. This is probably due to turbulence of 
water. In contrast the algae become dormant when exposed permanently to 
subaerial conditions, for here they are unable to grow over the cover of 
wind-blown sediment". By analogy with these modern environments, algal-
mat carbonate mudstones of this unit were most probably deposited in the 
h i ^ intertidal - low supratidal zone in a rather protected basin. 
Flat pebble breccia occurs in this unit as lenticular beds, 20 to 
30 cm thick, which show channelled bases and mostly imbricated to edgewise 
arrangement of the pebbles. Flat pd)bles, ranging in size from a fraction 
of a centimetre to 12 cm, are generally poorly sorted and subangular. In 
thin-sections, flat pebble breccia has been recognized as Intrasparrudite 
microfacies in which flat pebbles appear as large intraclasts composed of 
intrasparite and set in a matrix of identical composition. Intrasparite, 
composing both pebbles and matrix, consists of well sorted and well rounded, 
very small, pelletoidal intraclasts (fraction of a millimetre in size) 
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which are cemented together with sparry calci te . The pelletoidal intra-
clasts often show size grading. 
The geometry and channelled bases of breccia beds are suggestive 
of their deposition in small channels. They are interpreted as tidal 
channels on the basis of several featuresi such as (1) their close asso-
ciation with the inferred tidal flat deposits (algal-mat carbonate 
madstones)» (2) orientation of pebble imbrication at 180 in superjacent 
beds indicating reversals of current direction* and by implication* 
flood and ebb tide curr«its» and (3) size grading of pelletoidal intra-
clasts which* most probably* is a result of decreasing current velocities 
during a t idal pulse. 
The composition of matrix of flat pebble breccia (intrasparite) 
indicates that within the ancient channels currents were strong enough 
to winnow away lime mud (Folk* 1962* p. 67) and deposit well rounded and 
well sorted pelletoidal intraclasts . Presence of strong currents is 
also attested by the frequent edgewise arrangement of flat pebbles. The 
identical composition of majority of the pebbles and the matrix strongly 
suggests that the former were generated by powerful currents which ripped 
up partly lithified intrasparite deposited on the ancient channel bed. 
Thus* i t is evident that most of the pebbles originated within the channels 
and were redeposited there. 
Flat pebble breccia of this unit differs genetically from that of 
the underlying unit* although both were deposited in small channels. In 
the case of the underlying unit* brecciated surfaces of the supratidal 
125 
flat provided flat pebbles which were floated to the adjacent gullies 
and deposited there from suspension along with the lime mud. On the 
other hand» current action played a predominant role in the generation 
and redeposition of flat pebbles within the ancient channels of this 
unit . Breccia lenses of the two units also differ in size since the 
maximum thickness of lenses increases from 20 cm in unit A to 30 cm in 
unit B. This indicates an increase in size of the ancient channels 
from unit A to unit B. The higher energy conditions and larger size of 
the ancient channels of unit B are suggestive of their relatively 
basinward location. ThuS) in a l l probability unit B was deposited in a 
zone lying seaward of the zone in which unit A was formed. Since unit A 
has been interpreted as high to low supratidal flat d^osi t ) i t follows 
that unit B was formed in the high tidal flat environment. 
Red} hard) crystalline dolostoneS) occurring as massive-looking 
bands of 1 m average thickness in this unit^have been identified in thin-
sections as highly dolomitized raicrite. Relict structures* such as faint 
traces of parallel laminations present in dolostone bands also indicate a 
replacement origin of dolostone. As discussed elsewhere^ dolomitization 
of carbonates of the study area took place almost ,penecontemporaneously 
with sedimentation. Early dolomitization is characteristic of modern 
supratidal environments? and) therefore) dolostones of this unit may 
also represent a similar environment. 
Thus) several features) such as profuse development of algal matS) 
high energy conditions in ancient channels and early dolomitization) 
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collectively suggest that unit B of Bhander Limestone was deposited in 
the high tidal flat zone and transitional zone on to the supratidal f la t . 
Dnit C - This unit of Bhander Limestone is dominated by fine elastics 
since i t essentially consists of massive-looking olive shales and inter-
bedded small lenses of grey to red si l ts tones. Parallel lamination is 
discernible in weathered exposures of shales. 
The absence of current- or wave-formed structures* dominance of 
fine elastics* and parallel laminations are a l l suggestive of deposition 
of olive shales largely from suspension in waters with l i t t l e or no 
current and wave activity. Lenticular sil tstone beds showing channelled 
bases are interpreted as channel-fills. Occurrence of ripple laminated 
to ripple cross-laminated siltstone* and imbricated shale pebbles within 
the channel-fills are suggestive of relatively higher energy conditions 
within the ancient channels in contrast to overall low energy conditions 
represented by shales. 
The olive colour of shales and generally dark grey colour of 
channel siltstones indicate reducing conditions in the environment of 
deposition. Althou^ low energy and reducing conditions can be generated 
owing to great depth of water* in the case of this unit such conditions 
were most likely on account of the highly protected nature of the basin. 
This is because the unit rests on laminated algal-mat carbonate mudstones 
interpreted as deposits of mainly high tidal flat zone. From such an 
environment an abrupt change to deep offshore marine conditions is not 
plausible. It may be recalled that algal-mat sediments are formed in 
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rather protected basins and i t is highly probable that with the passage 
of time protection of the ancient basin increased and generated s t r ic t ly 
lagoonal conditions. In highly protected lagoonS) wave and current 
activity is negligible and lack of water circulation results in reducing 
conditions. Thus) taking into consideration a l l the available lines of 
evidence^ this unit is Interpreted to be an essentially terrigenous 
clastic deposit of a coastal lagoon. 
Dnit D:- This unit is characterized by grey to black colour and consists 
of 2 to 35 cm thick alternating bands of laminated mudstones and carbonate 
s i l ts tones . Cross-lamination» flaser bedding and symmetrical ripple 
marks occur very rarely. The prevalent dark grey to black colour of this 
unit is indicative of reducing conditions in the environment of i t s 
deposition. Occurrence of rel ict palisade structure and wrinkling of 
laminae in the laminated bands suggest that they are ancient analogues 
of Recent algal-mat sediments deposited in lagoonal tidal f la ts . 
Thin-section study of the unit has helped in recognizing three 
microfaciesf namely micrite» interlaminated micrite-calcisiltite» and 
in t r a -ca l c i s i l t i t e . . The micrite raicrofacies consists of homogeneous 
micro-crystalline calcite and occasionally shows delicate algal lamination. 
This microfacies represents almost quiet water conditions (Folki 1962» 
p . 69» Plumley filii** W62» p. 87) in the environment of deposition. 
Presence of algal laminations suggest well-lit» and by implication* 
shallow waters. The interlaminated raicrite-calcisiltite microfacies 
indicates alternate deposition of micrite and carbonate s i l t and implies 
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intermittent agitation of water. The top of raicrite laminae show fragments 
torn from them but s t i l l attached to the substrate. Some of these frag-
ments appear to have broken loose and then incorporated in the overlying 
s i l t layer. Irregular vugs filled with sparry calcite are quite common 
in mierite laminae. Such micrite has been designated "dismicrite" by 
Folk (1962» p. 69) who considers i t to form in several waysj such as by 
burrowing organisms* soft sediment deformation and bottom currents which 
rapidly redeposit the partially torn up lime mud. Presence of dismicrite 
indicates shallow but protected lagoonal environment where burrowers and 
sudden bottom distwi*ances are common. The third microfacies» namely 
intracalcisi l t i te» consists of well rounded small intraclasts of micrite 
set in a carbonate s i l t matrix. Well rounded intraclasts provide evidence 
of current abrasion and their floating nature suggests their rapid dumping 
together with calcite s i l t . This again indicates sudden bottom distur-
bances) and by implication) shallow protected lagoonal environment. Close 
interbedding of various microfacies indicating different energy levels 
at the depositional surface is very characteristic of lagoonal deposits 
because during periodic storm activity) the depositional interface in a 
lagoon eould be subjected to a variety of energy levels (Plumley gt a l . ) 
1962) p. 95). 
Thus) unit D of Bhander Limestone is interpreted to be mainly a 
deposit of a shallow and protected lagoon based on criteria* such as 
black colour) algal mats* close interbedding of various microfacies formed 
under different energy conditions) and features indicating intermittent 
agitation of water and sudden bottom disturbances. 
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Sirbu Shale 
Unit A'- This unit consists of laminated shales and argillaceous carbonate 
mudstones) and small lenses of flat pebble breccia? calcareous siltstones 
and oolit ic limestones. 
The parallel~laminated shales and carbonate mudstones are suggestive 
of deposition from suspension in the absence of current and wave activity. 
The prevalent red colour of sediments and abundant mud cracks indicate 
thorou^ oxidation} desiccation ^nd subaerial exposure. Desiccation and 
shrinkage of the lime mud is also evidenced by abundant microscopic sheet 
cracks and birdseye structures present in carbonate mudstones. 
Lenses of flat pebble breccia» calcareous siltstone and oolitic 
limestone represent channel-fills and their small dimensions reflect the 
small size of ancient channels. Flat pebbles of the channel-fills are 
derived locally since they are fragments of shales and carbonate mudstones 
of this unit. Associated mud-cracked shale and carbonate raudstone surfaces 
suggest that flat pebbles are genetically related to mud-polygons. 
"Herringbone" pattern of cross-laminae within the channel-fills is 
suggestive of flood and ebb tide currents. The channel-fills also occa-
sionally show some structures} such as convolute lamination and flame 
structure which indicate soft sediment deformation resulting from loading 
and current-drag. However» these structures are developed on a small 
scale which is related to the small size of the channel-fills. By and 
largej deposition in channels took place from suspension In a low energy 
environment since parallel lamination and horizontal arrangement of flat 
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pebbles are the prominent features of channel-fillS) t^ereas features 
indicating traction transport and current action (ripple marksj ripple 
cross-lamination) are uncommon. Only one channel-fill was observed in 
this unit which consists of oosparite microfacies. Within this channel 
currents were strong enough to winnow away completely the lime mud. 
There* then* emerges a picture of high tidal flats criss-crossed 
with small gullies when a l l the above discussed response elenents of this 
unit and the inferred processes are considered in combination and compared 
with those documented from modem environments. The response elements 
of this unit and the inferred processes are comparable to those of unit B 
of Ganurgarh Shale interpreted as a supratidal deposit. However* there 
Is a significant difference between the two units* unit B of Ganurgarh 
Shale completely lacks channel-fillsj whereas this unit contains small 
channel-fills. The presence of small channel-fills within this unit is 
c r i t ica l since i t helps to differentiate supratidal and high t idal flat 
environments which are otherwise essentially alike. That these small 
channel-fills originated in small gullies of high tidal flat zone is 
indicated by their dominant deposition from suspension. 
Unit B-- This unit of Slrbu Shale consists almost exclusively of parallel-
laminated) red) micaceous s i l ty shales which show abundant mud cracks. 
Apart from microrippling of some shale larainae» the unit is completely 
devoid of current- or wave-formed structures. Moreover) channel-fills are 
completely absent from this unit. Dominance of fine elastics and parallel 
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laminations) and absence of current- and wave-formed structures suggest 
that this unit was exclusively deposited from suspension in almost quidt 
waters. Abundance of mud cracks and prevalence of red colour are 
evidences of subaerial exposure* desiccation and thorough oxidation. 
Absence of lenses suggest that channels did not exist. This unit is 
similar to unit B of Ganurgarh Shale and a supratidal flat environment is 
interpreted for this unit for reasons already discussed. 
Unit C*- This unit of Sirbu Shale consists of parallel-laminated) red) 
micaceous siltstones and s i l ty shales) and lenses of s i l ty sandstones. 
Mud cracks and small symmetrical ripple marks (average wave length = 3 cm) 
with straight and somewhat pointed crests are abundant) and the lat ter 
often give rise to ripple lamination of shales and si l ts tones. Other 
structures present in the unit are small rhombic ripple marks and swash 
marks associated with shales and siltstoneS) and flute casts which occur 
on the undersurfaces of s i l ty sandstone lenses. Generally small size of 
ripple marks) abundant mud cracks and prevalent red colour of sediments 
together suggest that the unit was formed in an environment where depo-
sitional conditions ranged from very shallo?/ waters to emergent deposltional 
surface. Abundance of small symmetrical ripple marks and dominance of 
parallel lamination and fine elastics are suggestive of the high tidal flat 
environment. Rhombic ripple marks provide a conclusive evidence of t idal 
flat environment for this unit since Klein (1970a) p . 1103) 1117) demons-
trated) on the basis of his investigations of modern tidal flatS) that 
Such ripple marks are formed during late-stage emergence ebb outflow under 
upper flow regime. 
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Lenses of s i l ty sandstone present in this unit represent channel-
f i l l s as is obvious from their geometry and channelled bases. Small size 
of these channel-fills is suggestive of their origin in small gullies 
that transgress the h i ^ t idal flats (Lane» 1963J Potter, 1967, p . 348). 
Presence of glauconite within the channel-fills is a further indication 
of their t idal origin (Potter, 1967, p . 349). An important criterion for 
recognition of ancient tidal channel deposits is their close association 
with s i l t s and muds of t idal flat origin or other sediments of marine 
origin (Potter, 1967, p . 349; Johnson and Friedman, 1969, p . 473). The 
channel-fills of this unit are closely associated with shales and s i l t -
stones interpreted as tidal flat deposits on the basis of independent 
lines of evidence.. In view of i t s dominant features, such as red colour, 
fine elastics, parallel strat if ication, mud cracks, small symmetrical 
ripple marks, and small channel-fills, this unit is interpreted as a 
deposit of high tidal flat environment. 
Dnit D'- This unit of the formation consists of a flaser-bedded sandstone-
shale sequence which is intermittently interrupted by large lenses of 
fine sandstone. The flaser-bedded sequence comprises irregularly Inter-
laminated dirty white very fine sandstone and black shale. The laminae 
are, on the average, a few millimetre thick and they wedge out rapidly 
giving rise to a characteristic lenticular Interstratification of very 
fine sand and mud. The sandstone laminae are particularly very irregular 
and resemble tiny sand ripples. Flaser bedding is a highly characteristic 
feature of Recent tidal flat sediments and is formed by alternating current 
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activity and slack water conditions (Reineck» 1967J Reineck and Wunderllch* 
1968; Van Straaten, 1954a, b; Klein, 1971). Bedload sand transport 
occurs during the phase of current activity when fine sand is deposited 
in ripple structure while mud is held in suspension. This mud is d^osited 
during slack-water phase and covers the sand ripples completely or only 
their troughs. By analogy with the Recent sediments, the flaser-bedded 
sandstone-shale sequence of this unit represents the mid flat environment 
where there exists an alternation of bedload sand transport and clay 
suspension sedimentation (Klein, 1971, p . 2589). The flaser-bedded 
sequence contains abundant incomplete mud cracks and small symmetrical 
ripple marks (average wave length = 7 cm). The other commonly occurring 
sedimentary structures in this sequence are small asymmetrical ripple 
marks, rhombic ripple marks, r i l l marks and swash marks. Incomplete mud 
cracks are suggestive of shorter durations of subaerial exposure which 
is likely on mid f la ts . Frequent late-stage ebb outflow activity is 
reflected in the common occurrence of rhombic ripple marks and r i l l marks. 
Abundance of small symmetrical ripple marks suggests that gentle wave 
activity was dominant. Nevertheless, the common presence of asymmetrical 
ripple marks indicates that current action also played a significant role 
in d^osi t ion. A combination of al l the above discussed response elements 
of the flaser-bedded sequence and the inferred processes are highly 
suggestive of its deposition in the mid flat environment. 
The interbedded lenses of fine sandstone, up to 2 m thick, show 
characteristic channel-fill features, such as lenticular shape, truncated 
134 
and dlsconforraable basal contacts) loaded bases? and f lu te casts on the 
undersurfaces. The close association of channel-f i l ls with the inferred 
mid f l a t deposits? and the i r content of glauconite are suggestive of the i r 
t i da l channel or igin . 
Bhander Sandstone 
Unit A'- This unit comprises mainly sheet sandstones which are generally 
very thin-bedded and ripple laminated to r ipple cross-laminated in the 
lower part of the unit? and flat-bedded in the upper pa r t . Large in te r -
bedded lenses of fine sandstone occur intermit tent ly throughout the unit 
and they generally range in thickness from 1.5 m near the base of the 
unit to 15 m near i t s top. Common sedimentary structures in the lower 
par t of the unit (associated with very thin-bedded sheet sandstones) are 
symmetrical) asymmetrical and rhombic r ipple marksj r i l l mark) swash 
mark) thin f l a t pebble layers) and incomplete mud cracks (on shaly in te r -
calations) . Moreover) a charac te r i s t i c feature is present occasionally 
in the form of micro cross-lamination occurring within the troughs of 
r ipple marks. Such micro cross-lamination is directed pa ra l l e l to the 
crests of the host r ipp les . 
The above mentioned response elements are suggestive of (1) la te -
stage emergence ebb outflow (rhombic r ipple mark) r i l l mark) micro cross-
lamination superimposed at 90 on the troughs of r ipple mark)) and (2) emer-
gence (incomplete mud crack) shale pebble). These processes interpreted 
for the lower part of the unit are charac ter i s t ic of t ida l f l a t 
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environment (Kleins 1971). That the lower part of the unit was deposited 
in the low tidal flat environment is suggested by the dominance of sand-
sized material and bedload transport (Klein^ 1971)» the latter evidenced 
by abundant micro cross-lamination and asymmetrical ripple marks. This 
interpretation finds further support when the vertical facies change is 
considered with respect to the underlying unit (unit D of Sirbu Shale) 
interpreted as mid tidal flat deposit. 
The upper part of this unit is characterized by an interfoedded 
sequence of flat-bedded and micro cross-laminated sandstones. Sheet-like 
geometry of flat-bedded sandstones) their stratification consisting of 
even laminations and frequent thin bands of heavy mineral concentration! 
and abundant primary current llneation on their bedding surfaces; are 
features reported to be characteristic of beach deposits Cniorapsonj 1937> 
Van Straaten, 1954b» 1959; Lane» 1963*, Potter» 1967; Clifton» 1969; 
Clifton fit. al..> 1971). Small ripple marks of a few centimetres wave 
length are commonly present on flat beds. They are very regular and thetr 
crests are straight and very long compared to their wave lengths. They 
show very l i t t l e relief and appear as mere traces on flat beds. The 
common association of small ripple marks and flat beds is remarkable 
since these two are the products of widely different flow regimes. Small 
ripples are generated in the lower part of the lower flow regime (Allen^ 
1963c) whereas flat beds (in association with primary current lineation) 
represent plane bed sand movement in the lower part of the upper flow 
regime (Allen) 1963c» 1964; Harm and Fahnestock, 1965). Similar ripples 
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associated with plane bed sand movonent have been reported by Clifton 
£ l §i.' C1971) from the modern beach environment of the southern coast 
of Oregon. Clifton fil al.. (1971» p. 663) demonstrated that such ripples 
form as a result of h i ^ l y unsteady nature of the flow and they are 
commonly obliterated during the peak of every landward wave surge. Similar 
beach conditions visualized for the ancient environment? explain the 
common association of the ripple marks with flat-bedded sandstones* and 
their almost obliterated nature. Common presence of ripple cross-laminated 
intercalations is another characteristic feature of flat-bedded sandstones 
of this unit. This feature is believed to be diagnostic of beach origin 
(Lane* 1963> Davis fit ai.» 1972). The ripple cross-laminated intercalations 
most probably represent shallow runnels of the ancient beach since such 
troughs on modern beaches are favoured sites for the formation of ripple 
cross-lamination (Davis fiiai.j 1972). Single sets* upto 1.5 ra thickj of 
large-scale planar and trough cross-stratification are quite commonly 
associated with flat-bedded sandstones and very well fit in with the beach 
environment. Migration of sand bars or ridges on beaches results in the 
formation of planar cross-stratification (Van Straaten* 19595 Davis et al,.» 
1972). Strong tidal currents scour troughs on beaches* which are later 
infilled giving rise to single sets of trough cross-stratification 
(McKee* 1957b> Allen* 1963b). Thus? a combination of response elements 
occurring in the upper part of this unit and the inferred processes are 
suggestive of the beach environment. 
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The lenticular sandstone bodies occurring within this unit show 
several features) such as their characteristic geometry^ disconformable 
and channelled bases and "fining-upward" internal organisation? which 
together are suggestive of their channel-fill origin. That channel-
f i l l s represent t idal channels and inlets is implied by their close 
association with sheet sandstones interpreted as low tidal flat and beach 
deposits. A further evidence of t idal origin is brou^t forward by the 
occurrence of a characteristic type of cross-stratification within the 
channel-fills. It consists of single sets of large-scale planar cross-
strat if ication in which cross-strata are lithologically hetrogeneous 
being alternately constituted of sandstone and shale. Such cross-strati-
fication was designated Epsilon type by Allen (1963b) and is considered 
characteristic of wandering channels on intertidal flats (Trusheim* 1929> 
Hantzchelj 1936; Van Straaten, 1954a, b; Beineck, 1958). 
Dnit B»- This unit of Bhander Sandstone consists of mostly large? discrete? 
channel sandstone bodies which? being vertically and laterally coalescent? 
have given rise to a thick and extensive channel sandstone sequence. Each 
sandstone body rests on the underlying one with an unconformable and 
truncated base and shows a strong internal organization in the form of a 
"fining-upward" sequence indicative of upward decreasing flow regimes 
during the course of migration and fi l l ing up of the channel. Such 
"fining-upward" sequences can belong to either alluvial or t idal channel 
deposits but several features of the channel sandstones of this unit are 
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suggestive of their t idal origin. The top of a channel-fill sequence 
consists of very thin-bedded sandstones similar to those occurring in 
unit A of Bhander Sandstone and recognized as t idal flat d^os i t s . ThuS) 
close association of channel-fills with tidal flat deposits is suggestive 
of their t idal origin. Ripple-breaching (Reyment) 197l» p. 267 and his 
f ig. 2) is a common feature in this unit. Reyment (1971) demonstrated) 
on the basis of his observations on modern tidal flats* that in the late-
stage of ebbing tide the ripple troughs act as drainage lines and the 
erosive effect of the retreating water brings about the break-through of 
the ripple crests. Thus* breached ripple marks of this unit provide a 
strong evidence of late-stage emergence ebb outflow) and by implication} 
a tidal environment. Several other features of unit B sandstones? such as 
Epsilon cross-stratification (Allen; 1963b)) biroodal-bipolar orientation 
of maximum dips of cross-strata) flat-topped ripple markS) small ripple 
marks superimposed at 90 over large ripple markS) are all indicative of 
t idal environment as discussed earl ier . The large size of channel-fills 
of this unit suggests that they are the ancient equivalents of modern 
t idal inlets and channels present in the low tidal flat zone. 
ThuS) unit B of Bhander Sandstone) in al l probability represents 
deposits of the lowermost t idal flats (Kleiu) 1970a) p . 1099) where 
barrier bars were formed and which were intersected by tidal in le t s . Hoyt 
(1968) p . 315) has documented migration of inlets along the coast under 
the influence of longshore currents and consequent reworking of barrier 
sediments. A similar inlet migration and reworking of barrier sediments 
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most probably gave r i s e to the extensive and thick channel sandstone 
sequence of th is un i t . 
ENVIRONMENTAL SYNTHESIS 
Vertical Relationships 
Table 6 presents a summary of sedimentary characters and inferred 
depositional environments of Bhander Group sediments. Their depositional 
models and ver t i ca l relat ionships have been shown in Figure 12. 
Sedimentation of Bhander Group commenced with the deposition of 
unit A of Ganurgarh Shale in a lagoon-tidal f l a t environment. This unit 
has a t rans i t iona l passage downwards to the underlying formation^ Rewa 
Sandstone which has been recognised as a beach deposit (Bhardwaj» 1970). 
I t is probable that existence of a bar r ie r beach (Rewa Sandstone) generated 
shoreward a lagoonal environment in which unit A of Ganurgarh Shale was 
formed. Superposition of lagoon-tidal f la t deposits over beach deposits 
implies receding shoreline and emergence. This regression and gradual 
emergence continued throughout the deposition of unit A of Ganurgarh Shale 
as is evidenced by the upward decreasing s ize of channel-f i l ls within 
t h i s un i t . 
The next higher unit (unit B of Ganurgarh Shale) has been in t e r -
preted as a supratidal deposi t . I t consists of s i l t y shales which were 
deposited on mud f la ts bu i l t out due to f i l l i n g up of the lagoonal basin 
and consequent progradation of the shore. The shales show a t r ans i t iona l 
passage upwards into the overlying argillaceous carbonate mudstones of 
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TABLE 6.- SUMMARY OF SEDIMENTARY CHARACTERS AND INFERRED DEPOSITIONAL ENVIRONMENTS OF BHANDER GROUP SEDIMENTS OF MANDALGARH-SINGOLI AREA 
Formation Unit Thickness Sedimentary Characters 
Reddish white to white fine sandstones comprising mainly la te ra l ly and ve r t i ca l ly coalescent 
large channel sandstone bodies? on the average 15 m thick) showing "fining-upward" internal 
organization. Large-scale planar and trough cross-s t ra t i f ica t ion abundant. Symmetrical and 
asymmetrical r ipple marks of 6-7 cm wave length common. 
a 
z o 
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z 
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en 
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a: 
en 
50 
100 
Environment 
of Deposition 
Tidal in le t s 
Red to reddish white very fine sandstones* ripple laminated to r ipple cross-laminated in the 
lower part and generally flat-bedded in the upper par t . Small r ipple marks of 3-4 cm wave 
length abundant in the lower part? mostly symmetrical* asymmetrical and rhombic types common. 
Layers of heavy mineral concentration) part ing lineation) flat-topped ripple marks and 
generally single sets of large-scale planar and trough c ross - s t ra t i f i ca t ion common in the 
upper pa r t . Interbedded channel sandstone bodies of 9 m average thickness present . 
Low t ida l flatS) 
t ida l channels) 
beaches and 
in le ts . 
< 
D 
CO 
03 
W 
18 
24 
Flaser-bedded) interlaminated) generally white fine sandstones and black shales . Small 
r ipple marks of 3-4 cm wave length abundant? mostly symmetrical? asymmetrical and rhombic 
types common. Ril l and wave marks occasional* Interbedded channel sandstone bodies of 
2 ra average thickness present . 
Laminated to r ipple laminated red s l l t s t o n e s . Mud cracks and small symmetrical r ipple marks 
of 2-3 cm wave length common. Occasional lenses of very fine sandstone/s i l t s tone. 
Mid t i d a l f la t s and 
t ida l channels 
High t i da l f la ts 
and gul l ies 
12 Laminated red silty shales. Mud cracks common. Current- and wave-formed structures absent. Sandy/siIty lenses absent. 
Supratidal 
flats. 
Laminated red silty shales and argillaceous carbonate mudstones) and lenses of channel 
14 breccia and si Its tones on the average 50 cm thick. Mud cracks common. Current- and wave-
formed structures generally absent. 
High tidal flats 
and gullies. 
Interbedded laminated black carbonate mudstones and carbonate siltstones. Algal laminations 
common. Current- and wave-formed structures generally absent. Lagoons 
z o 
H 
Q 
•z 
< 
24 Laminated olive shaleS) and interbedded small lenses of calcareous s i l t s t o n e s . Current- and wave-formed structures absent. Lagoons 
B 
Blue and red algal laminated carbonate mudstones arid interbedded lenses of f la t pebble 
30 breccia (25 cm thick on the averagei. Occasional bands of c rys ta l l ine dolostone. Symmetrical 
and rhombic r ipple marks and mudcracks occasional. 
High t i da l f la t s 
to low suprat idal 
f l a t s . 
Thin to very thin-bedded red argillaceous carbonate mudstones. Small lenses of f la t pebble 
34 breccia (12 cm thick on the average) and algal laminations occasionally present towards the 
top. Current- and wave-formed structures absent. 
Supratidal f la ts 
o v5 
o 
12 
Laminated red s i l t y shales . Silty/sandy lenses absent. Mud cracks common. Current- and wave-
formed structures absent. Supratidal f la ts 
Laminated to r ipple laminated blue to grey s i l t y sha les - s i l t s tones . Interbedded small 
lenses of s i l t y sandstones (20 cm thick on the average). Small r ipple marks abundant)mostly 
symmetrical) flat-topped and interference types. Mud cracks) shale pebbles and ra in -p i t t ing 
common in certain horizons. 
10 Lagoon-Tidal f la t , 
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unit A of Bhander Limestone. 
Unit A of Bhander Limestone has also been interpreted as supra-
tidal deposit and no change in the environment of deposition from the 
earlier unit to this unit marks a period of stillstand. Thus* during 
the period of deposition of unit B of Ganurgarh Shale and unit A of 
Bhander Limestone^ shoreline remained more or less stationary but supply 
of terrigenous elastics to the basin was gradually stopped and consequently 
carbonate sedimentation replaced d^osition of terrigenous sediments. 
A minor transgressive phase commenced during the closing stages 
of deposition of unit A of Bhander Limestone as is attested by the appear-
ance of algal mats and small tidal channels in the upper part of this unit. 
Further submergence? though slighti during deposition of the next hi^er 
unit (unit B of Bhander Limestone) is reflected in the profuse development 
of algal mats? and high energy conditions and larger size of tidal channels. 
However» during deposition of this unit the sea did not advance to any 
appreciable extent since the environment ranged from low supratidal to 
h i ^ intertidal. 
The next higher unit (unit C of Bhander Limestone) is composed of 
mostly olive shales and has been interpreted to be a deposit of shore 
lagoon. The appearance of terrigenous fine elastics and generation of 
lagoonal conditions are perhaps suggestive of a mild tectonic activity 
which brought to a halt quiet and stable conditions of carbonate sedi-
mentation (units A and B of Bhander Limestone). This tectonic activity 
at the end of deposition of unit B of Bhander Limestone resulted in 
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shedding of terrigenous detritus* brou^t about regression and generated 
lagoonal conditions. 
The overlying unit (unit D of Bhander Limestone) is again a 
lagoonal deposit but comprises carbonates. Persistence of lagoonal 
conditions throuc^ units C and D of Bhander Limestone indicates a second 
period of stillstand or more or less stationary shoreline. During this 
period of stillstand} supply of terrigenous sediments to the lagoon was 
stopped at the end of deposition of unit C of Bhander Limestone and 
carbonate sedimentation was resumed} thou^ only for a short while. Red 
shale intercalations towards the top of unit D of Bhander Limestone 
indicate that the lagoon once again started receiving terrigenous elastics 
in the final stages of its existence. These shale intercalations are the 
harbingers of dominant clastic deposition which persisted throughout the 
remaining period of Bhander Group sedimentation. 
The lagoon in which unit D of Bhander Limestone was deposited 
gradually filled up t^he shore prograded and built out a mud flat. In the 
high iatertidal zone of this flat which was criss-crossed with gullies} 
the next higher unit (unit A of Sirbu Shale) was d^osited. The interbedded 
occurrence of silty shales and argillaceous carbonate mudstones within 
this unit suggests that supply of terrigenous material was stopped 
intermittently and during such periods lime mud replaced terrigenous mud 
of the f lats . On further progradation of the shore» gullies receded 
basinward and the overlying unit (unit B of Sirbu Shale) was deposited in 
exclusively supratidal zone from where gullies were absent. 
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The sea advanced once again after the deposition of unit B of 
Sirbu Shale and this transgression continued throu^out the remaining 
period of Bhander Group sedimentation. Continued submergence led to 
deposition in successively high tidal flat zone (unit C of Sirbu Shale)» 
mid flat zone (unit D of Sirbu Shale) and finally low tidal flat zone 
(lower part of unit A of Bhander Sandstone), This svibmerqence is very 
well reflected in the coarsening-upward textural distribution of 
sediments and upward increasing size of tidal channels. 
The transgression resulted in open sea conditions and strong waves 
started beating on the low shore and produced beaches and barrier bars 
interrupted at intervals by t idal in le t s . Hie deposits of these beaches> 
bars and inlets are represented by the upper part of unit A of Bhander 
Sandstone. Thereafter? migration of tidal inlets along the coast under 
the influence of longshore drift started reworking the already laid bar 
and beach sediments. This resulted in an extensive and thick deposit 
consisting of mostly laterally and vertically coalescent channel sandstone 
bodies (unit B of Bhander Sandstone). 
Tectonic Framework 
Bhander Group of the study area comprises exclusively nearshore 
marine deposits of tidal flats> and related lagoonal and beach environments 
The persistency of a broadly similar environment throughout the great 
thickness (335 m) of Bhander Group? and by implication? involving a large 
span of time? suggests that an equilibrium had been established between 
the rates of sedimentation and subsidence. The rate of sedimentation was? 
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by and large) slow during the deposition of the lower half of the Bhander 
Group (unit A of Ganurgarh Shale to unit D of Sirbu Shale* total thickness 
185 m) as is evidenced by the dominance of fine elastics and parallel 
laminations) and by the presence of carbonates and glauconite. Relatively 
higher rate of sedimentation obtained in the upper half of the Bhander 
Group (units A and B of Bhander Sandstone) which is essentially sandy and 
which was deposited by tractional currents. Howeverj sedimentation was 
not rapid enough as to prograde the shore and bring about continental 
conditions. 
Mild tectonic activity and accompanying minor transgressions and 
regressions did occur but they must have been so slow as not to allow 
erosion of earlier laid deposits. This explains the preservation of a 
considerable thickness of nearshore deposits. The high textural and 
compositional maturity of sandstones of Bhander Group does not appear to 
be the result of tectonic stability alone as advocated by earlier workers? 
but probably resulted partly from second cycle derivation of detritus and 
partly from tectonic stability. The role of provenance composition 
appears to have been dominant. 
Thus) it may be concluded on the basis of the above discussed 
features* that the Bhander Group represents a "mildly unstable shelf" 
lithologic association. 
CHAPTER V 
PALEOGEOGRAPHY AND SEDBIENT DISPERSAL PATTERNS 
THE PROBLSa AND APPROACH 
A proper understanding of depositional history of a sedimentary 
f i l l requires knowledge of depositional s t r i ke (considered to l i e sub-
para l le l to the strand line)} paleoslope* dispersa} patterns of sediments^ 
and location of sediment source (provenance). For interpret ing these 
features in ancient sediments thei r direct ional and scalar properties 
have been employed by several investigators in the last four decades 
(see Potter and Pettijohn» 1963j tables 4-l» 4-2> 4-3) . Directional 
sedimentary structures} like c ross - s t ra t i f i ca t ion and r ipple mark> were 
the main tools in such s tud ies . However> several workers also studied 
scalar properties* for example formation thicknessj for paleogeographic 
interpreta t ions since they may ref lec t paleoslope and depositional s t r ike 
when mapped over a large area . 
Reconstruction of paleogeography and paleocurrent pattern of 
ancient sediments is not easy since methods commonly employed for in ter -
pre t ing di rect ional data are imperfect and l i ab le to give incorrect 
r esu l t s i f applied Indiscriminately to diverse s i t ua t ions . Each major 
environment has a charac te r i s t i c current system that bears a def ini te 
re la t ionship to paleoslope and dq)osit ional s t r i k e . For example) in 
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f luvia l environment currents move down the paleoslope and are oriented 
across the depositional s t r i k e . Moreover» f luvial sand bodies are 
elongated pa ra l l e l or nearly so to current or sediment transport direction 
and? thus» are oriented 90 to the depositional s t r i ke (see Potter and 
Pettijohn* p . 179). In de l ta ic environment} l ike fluvial environment} 
sediment transport is> by and large» down the paleoslope (Klein> 1967b> 
Selley* 1968). However» in nearshore marine environments the re la t ion-
ship between currents) paleoslope and depositional s t r i ke is not simple 
since currents are highly variable in direct ion and move upj down? para l l e l 
and oblique to the shore (Reineck, 19635 Klein, 1967b). 
From the foregoing discussion i t is c lear that an independent 
knowledge of dq)Ositional environment* shore l ine orientation and paleo-
slope is invaluable for in terpret ing paleocurrent patterns in ancient 
sediments. This approach can lead to the di f ferent ia t ion of onshore» 
offshore and longshore current patterns in a mult idirect ional current 
system of nearshore Environments. Therefore for the sediments under 
study, interpreted as nearshore marine deposits? a similar approach 
involving the following steps has been employed. 
(1) Collection of direct ional data (azimuths of several d i r ec t iona l s ) , 
t he i r va r i ab i l i t y analysis , and determination of mean orientat ion of 
various d i r ec t iona l s . 
(2) Measurement of thickness of Sirbu Shale across the study area and 
construction of an isopach map. 
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(3) Paleogeographic reconstruction involving ( i ) interpretat ion of 
shore l ine orientation on the basis of mean trends of such s tructures 
which are believed to possess a par t i cu la r orientat ion with respect to 
shore line» and isopach raap» ( i l ) determination of paleoslope based 
mainly on isopach mapj s t ra t igraphic relat ionships and direction of 
facies change. 
(4) Interpretat ion of sediment dispersal pat terns by re la t ing paleo-
currents to the inferred shore l ine trend and paleoslope. 
(5) Provenance evaluation based on dispersal patterns and composition 
of sediments. 
DIRECTIONAL DATA 
Directionals and the i r Distribution 
Directional data were collected from those sedimentary s tructures 
of the study area which indicate e i ther the direct ion of current movement 
(one-way structures)? or the l ine of current movement (two-way s t ructures) 
To the former category belong c ross - s t r a t i f i ca t ion j asymmetrical r ipple 
mark, asymmetrical current-drag foldj f lute cast and pebble imbrication. 
The two-way structures include symmetrical r ipp le mark» part ing l ineat ion, 
r i l l markj swash mark and small channels. Current-drag folds in which 
overturning could not be discerned have been included with one-way 
s t ructures since the i r axes are oriented 90° or nearly so to the l ine of 
current movement. 
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The lower three formations of the study area» especially Bhander 
Litnestone» show an overall deficiency of current-formed structures inasmuch 
as cross-s t ra t i f ica t ion» asymmetrical r ipple raarkj part ing lineation* r i l l 
markj f lute cast and pebble imbrication are ra re to very r a r e . However* 
symmetrical r ipple marks occur frequently in these formations. In 
contrast) Bhander Sandstone shows pro l i f i c development of direct ional 
s t ructures among which c ross -s t ra t i f i ca t ion and part ing lineation are 
predominant. Ripple raarksj both symmetrical and asymmetrical types* 
occur frequently in Bhander Sandstone* but strand l ine features* such as 
r i l l mark and swash mark are r a r e . Current-drag folds occur exclusively 
in Bhander Sandstone associated with large channel sandstone bodies which 
are absent from the other formations of the study area. Structures* such 
as f lu te casts* imbricated pebbles* small channels and swash mark yielded 
s t a t i s t i c a l l y insufficient data from the study area* and* hence* they 
were not considered in th is study. Directional data of c ross-s t ra t i f ica t ion* 
r ipp le mark* part ing lineation* current-drag fold* and r i l l mark form 
the basis of this study (Table 7 ) . 
Sampling 
The three formations* Ganurgarh Shale* Bhander Limestone and 
Sirbu Shale are poorly exposed because the former two outcrop on more or 
less level ground and are* by and large* covered with a thin capping of 
res idual s o i l . Sirbu Shale* though outcropping in the scarp* is also poorly 
exposed since most of the scarp sections are scree-covered. These formations 
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outcrop in narrow linear belts and show an overall deficiency in current-
formed structures. All the limitations mentioned above precluded a "two-
dimensional" coverage of the three formations and necessitated examining 
all available outcrops instead of adopting a pre-arranged sampling plan. 
Scarcity of exposures and deficiency in directional structures resulted 
in collection of scant directional data from the lower three formations 
despite careful search (Table 7). Various directional structures yielded 
126 azimuths from 5 localities of Ganurgarh Shale> 37 azimuths from 9 
localities of Bhander Limestone? and 153 azimuths from 11 localities of 
Sirbu Shale. 
Contrasted with the lower three formations* Bhander Sandstone is 
very well exposed and forms an extensive platform capping the scarp in 
which» towards the topj good sections are exposed. On the platform more 
or less continuous exposures of the sandstones are met excepting some 
large but isolated soil-covered patches. Large outcrop areaj good 
exposures and profuse development of directional structures permitted a 
systematic and uniform coverage of Bhander Sandstone outcrop for collection 
of directional data. A grid-sampling scheme was» therefore* devised 
primarily for recording cross-stratification azimuths* but azimuths of 
other directional structures were also recorded from the outcrops visited. 
The grid was constructed on the basis of latitude and longitude which 
were drawn at 2 .5* intervals. Each grid interval is a rectangular 
area, 19.5 sq km in extent, and has been here designated "sector". A 
total of 37 sectors cover the outcrop area of the formation. On the 
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average^ 4 localities (a locality here means two or more closely related 
outcrops) per sector and 22 cross-stratified units per locality were 
sampled. Following the devised grid-sampling scheme? a total of 162 
locali t ies within 37 sectors yielded 3496 measurements of cross-
stratification azimuths (Appendix VI). Other directionals of Bhander 
Sandstone yielded a total of 582 azimuths. 
Variability Analysis 
Variability of azimuths of various directionals was studied 
mainly to determine mean trends and attitudes of two-way and one-way 
structures respectively for the purpose of paleogeographic and paleo-
current reconstructions. An attempt was also made to relate variability 
with the depositional environment. 
Cross-stratification orientation'- Variability analysis of cross-
stratification orientation consisted of (1) evaluation of frequency 
distribution from rose diagrams constructed by grouping azimuths in 30 
classesi (2) calculation of vector mean (0v) and vector magnitude 
(L %) by vector summation method of Curray (1956) and (3) determination 
2 
of standard deviation (o") and variance (S ) by conventional statistical 
methods. The last two parameters were calculated for distributions 
with 40 or more azimuths. 
The vector mean azimuth for a polymodal distribution may not at 
all represent the true current direction since the various modes may 
represent two or more Independent directions of sediment transport 
U) 
z 
o 
k-
< 
z < 
^ Q. 
X 
UJ 
Ut 
• J 
% 
«0 
d 
« 
S 
vt 
152 
(Tannet) 1959b). Such multidirectional sediment transport is character-
i s t i c of nearshore marine environment inferred for the rocks under study. 
For this reason in the case of polymodal distributions^ vector mean 
azimuth for each subpopulation clustering around a mode was calculated 
separately and is here designated "modal vector mean". Splitting of 
subpopulations was done by "partition about the mid-point of the two 
shared classes containing the lowest frequencies" (Kelling^ 1969» 
p . 863). Modal vector mean was calculated by vector summation method 
of Curray (1956). However^  the vector mean for the entire population of 
a polymodal distribution was also determined for the purpose of calculat-
ing vector magnitude) standard deviation and variance. 
98 per cent of the total cross-stratification azimuths collected 
from the study area belong to Bhander Sandstone permitting a detailed 
variabili ty analysis involving different sampling levels. A similar 
analysis was not possible for the other three formations which together 
yielded only 98 cross-stratification azimuths from a total of 7 localities 
(Appendix VI). 
Ganurgarh Shale yielded 74 cross-stratification azimuths from 
two local i t ies . At these localities frequency distribution Is respectively 
bimodal and quadrimodal* and the latter distribution is also shown by the 
aggregated data from the two localities (Fig. 13). In locality d i s t r i -
butions) as well as in the composite one* the main mode is directed in 
general towards north. The various modes are oriented approximately at 
90 in quadrimodal distributions) and at 180 in the bimodal one. Modal 
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vector mean for the population clustering around the main mode of the 
composite distribution is 357 i and for the remaining ones* 72 ) 154 
and 258 . Vector magnitude for the two locality distributions is 
respectively 37 and 40 per cent but decreases to 28 per cent for composite 
distribution. Standard deviation and variance calculated for one locality 
distribution (n>40) are respectively 80 and 636o. The respective values 
for the composite distribution are 83 and 6921. 
For Bhander Limestone and Sirbu Shalei a quantitative analysis of 
variabili ty of cross-stratification azimuths could not be undertaken 
because of very poor collection of data. Bhander Limestone yielded 8 
cross-stratification azimuths from only one locality where the frequency 
distribution is trimodal (Fig. 13). The modes are approximately 90 apart 
and the main one is directed in general towards south. 
Sirbu Shale yielded 16 azimuths from 4 local i t ies . Rose diagrams 
were constructed for only two localities since the other two yielded one 
azimuth each. Frequency distribution at the two localities is respectively 
unimodal and bimodal and the composite distribution shows a trimodal 
pattern (Fig. 13). Considering a l l the three distributionsj modes are 
directed in general towards the northwest) southwest and southeast 
directions. Modal vector means for the subpopulations clustering around 
the three modes of the composite distribution are 314 » 215 and 120 > 
and thus) are oriented more or less at 90 . 
Profusely cross-stratified and well-exposed Bhander Sandstone 
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proved ideal for quantitative analysis of variability of cross-strat i f i -
cation azimuths which were collected front a large number of localit ies 
(162) according to a pre-arranged grid-sampling scheme and total 3496. 
Such a large amount of data made i t possible to undertake an hierarchical 
analysis Involving different sampling levels. In addition to the recons-
truction of preferred directions of sediment transport* an attempt was 
also made to discover environmental control on changing variabili ty 
pattern at different sampling levels. The hierarchical scheme adopted 
here is a modified version of that proposed by Olson and Potter (1954) 
and Potter and Siever (1956). According to this scheraei analysis was 
carried out at the following four sampling levels : -
(4) between subareas within the study area (Area level) 
(3) between sectors within a subarea (Subarea level) 
(2) between localities within a sector (Sector level) 
(1) between cross-stratified units within a locality (Locality level) 
Frequency distribution of cross-stratification azimuths within a 
locality is primarily unimodalt but polymodal distributions occur within 
some localities (Fig. 14). Out of a total of 162 localities} unimodal 
distribution occurs within 124 localities* biraodal within 30» trimodal 
within 5) and the remaining 3 localities have quadrlmodal distributions. 
Dniraodal distributions are rarely symmetrical and their modes are mostly 
directed towards either the west-northwest/northwest or south-southwest/ 
southwest. However* west-southwest directed modes are also common. In 
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polymodal distributions the various modes are oriented at 90 /180 or 
nearly so and majority of them are directed towards the west-northwestj 
south-southwest and north-north«a$t. 
At the sector level incidence of polymodal distribution increases 
since 20 sectors out of a total of 37 show such distributions (Fig.15). 
These are bimodal in 11} trimodal in 8) and quadrimodal in 1 sectors. 
The various modes are oriented at 90 /ISO or nearly so and unequally 
developed. They are directed in general towards either the west-northwest/ 
northwest or south-southwest/southwest. 
At the subarea level (a subarea comprises generally 4 sectors) 
further increase in the incidence of polymodal distribution is apparent 
from its occurrence in al l but one subareas (Fig. 15). Out of the total 
11 subarea distributions) 5 each are bimodal and trimodal} and the remain-
ing one is unimodal. In bimodal distributions* the two modes are oriented 
0 
nearly at 90 and one of them is usually strongly developed and generally 
points either towards the southwest or northwest. In trimodal distributions} 
0 
the three modes are 90 apart and two of themj pointing towards the 
northwest and southwest} are more or less equally developed. The third 
mode} which is far less developed} points towards either the northeast 
or southeast. 
Finally} the Area aggregate frequency distribution of cross-
stratif ication azimuths is unimodal and somewhat asymmetrical (Fig. 15). 
The mode of the Area aggregate distribution is directed towards the 
west-northwest. 
N 
A 
LOCALITY-LEVEL 
N=12A 
POPULATION COMPRISES 12A 
VECTOR MEANS AQ GREG ATE 0 FROM 
124 LOCALITIES 
% 
•20 
\-W 
LO 
B 
SECTOR-LEVEL 
N = 67 
POPULATION COMPRISES 50 MODAL 
VECTOR MEANS AND 17 VECTOR MEANS 
AGGREGATED FROM 37 SECTORS. 
SUBAREA-LEVEL 
Ns26 
POPULATION COMPRISES 25 MODAL 
VECTOR MEANS AND t VECTOR MEAN 
AGGREGATED FROM 11 SUBAREAS 
FIG. 16.-ROSE DIAGRAMS 5H0V/ING DISTRIBUTIONON 30**CLASSES) OF 
CROSS-STRATIFICATION VECTOR MEANS AND MODAL VECTOR MEANS 
FOR BHANDER SANDSTONE AT LOCALITY-.SECTOR-, AND 
S U B A R E A - L E V E L S . 
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The vector mean azimuths for locality-level distributions (both 
unimodal and polymodal) are given in Table 8. The modal vector mean 
azimuths for polymodal distributions were not determined at the locality 
level since such distributions form a small fraction of the total locality 
distributions. The vector mean azimuths of a large number of unimodal 
distributions (124) adequately represent the paleocurrent directions at 
0 
the locality level. These azimuths grouped in 30 classes show an almost 
unimodal orientation and a west-northwest directed mode (Fig. 16 ^ ) . 
At the sector level since more than half of the total distributions 
are polymodal> modal vector mean azimuths were calculated for such dis-
tributions (Table 10) in addition to vector mean azimuths for a l l the 
sector distributions (Table 9 ) . Grouping of sector population (vector 
mean azimuths for unimodal and modal Vector mean azimuths for polymodal 
distributions in 30 classes suggests the presence of two dominant and 
independent subpopulations directed towards the west-northwest/northwest 
and south-southwest/southwest (Fig. 16B). This conclusion is very well 
supported by the common orientations of modes of the sector distributions 
in the above mentioned directions. 
The subarea-level population of mean azimuths comprises modal 
vector means for ten polymodal distributions (Table 10) and vector mean 
for one unimodal distribution. Grouping of these azimuths in 30 classes 
(Fig. 16C) shows that the two dominant and independent subpopulations 
discernible at the sector level have been suppressed and mixed. Howeverj 
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TABLE e . - LOCALITY-LEVEL VALUES OP VECTOR MEAN ( 0 v ) AND VECTOR HAGNI-
TUDE (L%) FOR BHANDER SANDSTONE CROSS-STRATIFICATION. 
Locality 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
N 
27 
21 
21 
13 
23 
6 
12 
20 
15 
7 
13 
11 
52 
4 
44 
18 
21 
28 
33 
6 
32 
20 
30 
21 
33 
8 
20 
19 
30 
10 
22 
20 
10 
19 
24 
36 
56 
24 
36 
16 
.1 f" . L% ( i n degrees) 
307 
264 
295 
14 
300 
290 
123 
322 
294 
228 
293 
282 
305 
308 
184 
222 
289 
201 
192 
195 
265 
264 
257 
254 
173 
60 
333 
208 
218 
249 
312 
282 
324 
45 
37 
249 
182 
261 
242 
266 
85.0 
76.2 
95.2 
84.6 
95.6 
100.0 
100.0 
80.0 
86.7 
71.4 
100.0 
100.0 
96.1 
100.0 
56.8 
94.4 
95.2 
85.7 
100.0 
100.0 
87.5 
95.0 
86.7 
90.5 
84.8 
6.5 
95.0 
90.5 
96.7 
100.0 
100.0 
100.0 
100.0 
89.5 
87.5 
48.3 
73.2 
83.3 
72.2 
100.0 
Loca l i t y 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
N 
20 
21 
24 
20 
6 
80 
25 
6 
24 
29 
17 
15 
27 
3 
27 
27 
25 
25 
41 
13 
5 
2 
22 
8 
23 
14 
27 
6 
20 
6 
24 
23 
10 
11 
14 
6 
8 
15 
17 
30 
9v L% 
( i n degrees) 
226 
279 
232 
233 
45 
283 
253 
251 
225 
240 
357 
259 
203 
235 
247 
339 
327 
317 
322 
274 
345 
300 
296 
232 
263 
265 
248 
285 
224 
260 
339 
9 
215 
313 
317 
302 
259 
329 
315 
349 
95.0 
90.5 
87.5 
85.0 
100.0 
83.7 
86.7 
83.3 
87.5 
96.5 
41.2 
93.3 
55.5 
100.0 
81.5 
81.5 
84.0 
96.0 
85.4 
76.9 
100.0 
100.0 
94.5 
100.0 
95.6 
92.8 
77.8 
' 33.3 
100.0 
100.0 
91.7 
60.9 
70.0 
100.0 
93.1 
83.3 
62.5 
93.3 
100.0 
56.7 
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TABLE 8 . - LOCALITY-IEVEL VALUES OF VECTOR MEAN (9v) AND VECTOR MAGNI-
TUDE (L%) FOR BHANDER SANDSTONE CROSS-STRATIFICATION (Contd.) 
Loca l i t y 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
N 
25 
15 
14 
14 
27 
27 
34 
9 
37 
15 
24 
29 
21 
36 
23 
14 
23 
40 
10 
30 
28 
20 
39 
21 
26 
20 
38 
30 
26 
22 
25 
24 
31 
20 
23 
35 
51 
29 
7 
18 
36 
9v L% (in degrees) 
221 
285 
355 
333 
217 
242 
244 
331 
228 
217 
226 
264 
194 
168 
346 
304 
342 
254 
333 
341 
290 
237 
296 
193 
309 
300 
308 
312 
277 
232 
159 
195 
272 
288 
293 
247 
291 
284 
268 
293 
252 
16.0 
93.3 
12.3 
44.4 
96.3 
96.3 
94.1 
88.8 
92.1 
93.3 
95.8 
93.1 
95.2 
97.2 
95.6 
100.0 
91.3 
95.0 
100.0 
76.7 
85.7 
95.0 
66.6 
85.7 
96.1 
95.0 
97.4 
76.7 
88.5 
54.5 
96.0 
91.7 
93.5 
90.0 
87.0 
94.3 
96.1 
89.6 
100.0 
88.9 
91.7 
Locality 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
N 
20 
18 
20 
25 
23 
21 
14 
22 
20 
32 
20 
24 
21 
25 
28 
6 
24 
28 
25 
20 
22 
20 
27 
3 
12 
15 
9 
26 
22 
28 
26 
31 
7 
17 
2 
5 
5 
22 
34 
29 
15 
®^  L% (in degrees) 
332 
244 
320 
300 
293 
292 
279 
173 
210 
199 
46 
200 
314 
14 
295 
260 
286 
314 
264 
255 
255 
198 
5 
296 
270 
315 
322 
285 
268 
230 
238 
225 
345 
336 
150 
297 
252 
217 
235 
238 
253 
90.0 
72.2 
95.0 
92.0 
95.6 
90.5 
93.1 
90.9 
80.0 
90.6 
100.0 
95.8 
100.0 
92.0 
96.4 
100.0 
95.8 
92.8 
88.0 
100.0 
100.0 
95.0 
96.3 
100.0 
91.7 
100.0 
100.0 
100.0 
95.4 
67.8 
96.1 
100.0 
85.7 
82.3 
100.0 
100.0 
100.0 
45.4 
70.6 
89.6 
87.1 
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TABLE 9 . - SECTOR- AND SUBAREA-LEVEL VALUES OF VECTOR MEAN ( 8 V ) , 
VECTOR MAGNITUDE (L%), STANDARD DEVIATION ( 0 ) AND 
VARIANCE- ( S 2 ) FOR BHANDER SANDSTONE CROSS-STRATIFICATION. 
SECTOR/ 
SUBASEA 
SECTOR LEVEL 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
N 
« 
82 
83 
24 
139 
67 
136 
47 
40 
52 
43 
152 
36 
65 
86 
31 
53 
62 
145 
20 
94 
32 
68 
43 
87 
28 
97 
199 
295 
236 
141 
141 
192 
172 
65 
107 
36 
100 
Gv 
( i n deorees) 
f 
302 
299 
289 
270 
195 
244 
268 
226 
303 
41 
224 
244 
248 
288 
252 
233 
244 
314 
296 
265 
235 
334 
312 
305 
349 
239 
230 
294 
258 
279 
300 
246 
279 
295 
239 
319 
233 
L% 
73.5 
54.0 
96.0 
55.0 
92.5 
72.0 
34.0 
95.0 
94.0 
88.0 
57.5 
92.0 
81.5 
74.5 
58.0 
96.0 
47.0 
74.5 
70.0 
86.0 
81.0 
60.0 
79.0 
49.5 
70.0 
86.0 
60.0 
71.5 
62.0 
89.0 
75.0 
27.0 
66.0 
92.0 
86.0 
64.0 
69.0 
or 
46 
74 
16 
63 
22 
47 
75 
19 
20 
33 
60 
25 
37 
45 
58 
16 
76 
45 
46 
31 
42 
62 
41 
74 
55 
34 
57 
48 
56 
27 
54 
85 
51 
23 
33 
62 
53 
S2 
2110 
5419 
259 
3944 
491 
2252 
5625 
346 
397 
1074 
3632 
625 
1344 
2050 
3333 
248 
5714 
1989 
2110 
959 
1720 
3898 
1706 
5466 
3009 
1133 
3296 
2341 
3148 
747 
2927 
7251 
2632 
529 
1106 
3824 
2836 
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TAB1£ 9 . - SECTOR. AND SUBAREA-LEVEL VALUES OF VECTOR MEAN O v ) , 
VECTOR MAGNITUDE (L%), STANDARD DEVIATION ( 0 ) AND VARIANCE 
(S2) FOR BHANDER SANDSTONE CROSS-STRATIFICATION (CONTD.) 
SECTOR/ 
SUBAREA 
N 
SUBAREA LEVEL 
A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
AREA LEVEL 
328 
203 
87 
283 
151 
291 
214 
158 
827 
646 
308 
ev 
(in deorees) 
288 
225 
231 
258 
270 
279 
279 
319 
262 
280 
258 
L% 
60.5 
72.5 
58.5 
39.0 
73.0 
56.0 
63.0 
59.0 
61.0 
61.0 
68.0 
0" 
v 
57 
45 
60 
79 
47 
60 
56 
64 
56 
57 
51 
S2 
3285 
2058 
3647 
6296 
2174 
3657 
3138 
4120 
3087 
3253 
2589 
3496 270 57.0 60 3656 
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TABLE 10.- SECTOR- AND SUBAREA-LEVEL MODAL VECTOR MEANS FOR BHANDER 
SANDSTONE CROSS-STRATIFICATION 
SECTOR/ 
SUBAREA N 
NATURE OF 
DISTRIBUTION MODEL VECTOR MEANS 
SECTOR-LEVEL 
2 
4 
7 
10 
13 
14 
15 
17 
19 
21 
22 
23 
24 
25 
26 
31 
32 
33 
36 
37 
83 
139 
47 
43 
65 
86 
31 
62 
20 
32 
68 
43 
87 
28 
97 
141 
192 
172 
36 
100 
SUBAREA LEVEL 
Quadrimodal 
Trimodal 
Trimodal 
Biraodal 
BiiQOdal 
Bimodal 
Bimodal 
Trimodal 
Bimodal 
Bimodal 
Trimodal 
Bimodal 
Trimodal 
Trimodal 
Bimodal 
Bimodal 
Trimodal 
Trimodal 
Bimodal 
Bimodal 
20 
90 
120 
44 
222 
45 
190 
33 
253 
229 
105 
210 
61 
8 
232 
199 
31 
(6) 
(4) 
(4) 
(41) 
(39) 
(6) 
(14) 
(11) 
(11) 
(29) 
(4) 
(4) 
(13) 
(11) 
(88) 
(8) 
(43) 
6 (26) 
145 
2 
(3) 
(7) 
122 
199 
209 
285 
284 
284 
297 
135 
339 
356 
202 
318 
152 
215 
329 
(12) 
(50) 
(21) 
(2) 
(26) 
(80) 
(17) 
(5) 
(9) 
(3) 
(8) 
(39) 
(9) 
(3) 
(9) 
307(133) 
196 (96) 
198 
319 
234 
(20) 
(33) 
(93) 
187 (4) 
301 (85) 
333 (22) 
— 
-
-
-
243 (46) 
-
-
338 (56) 
-
304 (65) 
300 (14) 
-
-
302 (53) 
277(126) 
-
-
A 
B 
C 
D 
E 
F 
G 
H 
J 
K 
328 
203 
87 
283 
151 
291 
214 
158 
646 
308 
Trimodal 
Bimodal 
Bimodal 
Trimodal 
Bimodal 
Bimodal 
Trimodal 
Trimodal 
Trimodal 
Bimodal 
23 (22) 
190 (107) 
216 (65) 
42 (50) 
41 (7) 
235(135) 
105 (4) 
153 (12) 
21 (76) 
225(153) 
174 (60) 
264 (96) 
333 (22) 
207(125) 
270 (144) 
331(138) 
243(115) 
235 (10) 
193(114) 
300(140) 
297 (61) 
294 (246) 
289(108) 
327 (95) 
326(136) 
286(456) 
B of a subpopulation is indicated by numerals within brackets. 
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0 0 
most of the mean azimuths s t i l l l i e within the 180 -300 range. The 
vector mean azimuth for the Area aggregate d is t r ibut ion is 270 . 
The vector magnitude values for local i ty dis t r ibut ions (Table 8) 
generally range from 33.3 to 100 per centi but for a large majority of 
such dis t r ibut ions (139 out of a t o t a l of 162) the range is 76-100 per cent. 
Three local i ty d is t r ibut ions have abnormally low values (6.5-16 per cent)? 
and ignoring them> the arithmetic mean of loca l i ty - leve l vector magnitude 
values is 88.9 per cent . 
For the sector dis t r ibut ions vector magnitude values (Table 9) 
generally range from 47 to 96 per cent> but for nearly half of the to t a l 
sectors (18 out of 37) the range is 54-75 per cent . For another 17 sectorsj 
the values range from 79 to 96 per cent. TWo sectors have abnormally small 
values (27 and 34 per cent) and i f these are ignored the arithmetic mean 
of sector- level vector magnitude values is 74.8 per cent. 
For the subarea dis t r ibut ions vector magnitude values (Table 9) 
l i e ent i re ly within 56-73 per cent range (averaging 63.2 per cent) except-
ing one dis t r ibut ion which has the abnormal value of 39 per cent . For the 
Area aggregate dis t r ibut ionj vector magnitude value is 57 per cent. 
Standard deviation and variance were not calculated for local i ty 
d is t r ibut ions since the number of measurements at individual loca l i t i e s 
ra re ly exceed 40. At the sector level) standard deviation generally 
ranges from 16 to 63 (Table 9)» but the most common range is 46 to 60 
which incorporates nearly one-third of the t o t a l subarea values (12 out 
of 37) . The arithmetic mean of sector values is 46. For the subarea 
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d is t r ibut ions) standard deviation values range from 45 to 79 (Table 9 ) . 
The arithmetic mean of subarea values Is 57.5 . The standard deviation 
value for the Area aggregate dis t r ibut ion is 60. 
The variance values for sector d is t r ibut ions generally range 
from 959 to 3944 (Table 9) and in the case of only 5 dis t r ibut ions higher 
values ranging from 5419 to 7251 are obtained. However* values less than 
1000 are qui te common and were yielded by nearly one-fourth of the to t a l 
sector d is t r ibut ions (9 out of 37) . For the subarea dis tr ibut ions* 
general range of variance values is 2058 to 3657 (Table 9) which incor-
porates 9 out of a to ta l of 11 subarea values . For the Area aggregate 
d is t r ibut ion variance value is 3656. 
Miscellaneous direct ionals*- Miscellaneous direct ionals* such as r ipple 
asyraraetryj r ipple trend* part ing lineation* current-drag fold asymmetry, 
current-drag fold axis trend and r i l l mark trend yielded e i ther insufficient 
or no data at a l l from individual formations of the study area (Table 7) 
and because of this l imitation a composite analysis of va r i ab i l i t y of each 
of the above mentioned direct ionals was undertaken on the basis of 
aggregated data from the en t i re Bhander Group. Moreover, Insufficient 
data precluded detailed quant i ta t ive analysis as attempted for cross-
s t r a t i f i c a t i o n a t t i t ude . Therefore* va r i ab i l i t y analysis of one-way 
direct ionals was conducted by (1) constructing rose diagrams* and (2) cal -
culat ing vector means for unimodal d is t r ibut ions and modal vector means 
for polyraodal d i s t r ibu t ions . For two-way direct ionals* va r i ab i l i t y analysis 
consisted of (1) constructing two-way orientat ion diagrams* and 
RIPPLE ASYMMETRY 
N 
N =88 
0 
L. 
5 
_l_ 
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2S2 
FIG. 17._ COMPOSITE ROSE DIAGRAM SHOWING DISTRIBUTION (IN 30° 
CLASSES) OF RIPPLE ASYMMETRY AZIMUTHS AGGREGATED FROM 
BHANOER GROUP OF MANOALGARH- SINGOLI AREA 
RIPPLE TREND 
276 
N = 495 
10 
I 
20PER CENT 
JdS 
FIG. 18-TWO-WAY ORIENTATION DIAGRAM SHOWING DISTRIBUTION 
(IN 30°CLASSES ) OF RIPPLE CREST AZIMUTHS AGGREGATED 
FROM BHANOER GROUP OF MANDALGARH-SINGOLI AREA 
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(2) calculation of vector means and modal vector means on the basis of 
0°-180 distribution. 
Ripple asymmetry variability analysis is based on a total of 88 
azimuths (Appendix VII). Bhander Limestone did not yield any data and 
contributions of other formations is given in Table 7. The frequency 
distribution of the aggregated data from Bhander Group (Fig. 17) is 
trimodal with the three modes directed towards the north-northwest» 
west-southwest and east-southeast. The west-southwest and north-northwest 
directed modes are equally developed each containing 11 azimuths. The 
east-southeast directed mode is much less developed and contains 4 azimuths. 
, 0 0 0 
Modal vector mean azimuths for the three modes are 6 j 113 and 252 . 
Ripple trend yielded a total of 495 azimuths and» thusj among 
the miscellaneous directionals i t provided the maximum data. Formation-
wise break-up of the data is given in Table 7. The composite two-way 
orientation diagram based on aggregated ripple trend data (Fig. 18) brings 
out two clearly marked preferred trends of ripple crests despite their 
0 0 
high variabili ty. The primary trend occurs in the 90 -120 class and the 
0 0 0 0 
secondary trend in the 0 -30 class of the 0 -180 distribution. The 
primary trend comprises 97 azimuths and the secondary trend 83 azimuths. 
Modal vector mean azimuths for the primary and secondary trends are 
respectively 96 and 6 andj thus» the two trends are oriented exactly at 90 , 
Parting lineation is almost exclusively developed in Bhander 
Sandstone? being very rare in Ganurgarh Shale and absent from the other 
formations. Appendix VIII can be referred for the average values of 
PARTING UNEATION TREND 
275'. 
N = 9 7 
!l 'JPER CENT 
FIG. 19-TWO-WAY ORIENTATION DIAGRAM SHOWING DISTRIBUTION 
(IN 30°CLASSES) OF PARTING UNEATION AZIMUTHS FROM 
BHANDER SANDSTONE OF MANDALGARH SINGOLI AREA 
RILL MARK TREND 
N= 57 
0 i _ AO PER CENT 
216' 
FIG. 20w TWO-WAY ORIENTATION DIAGRAM SHOWING DISTRIBUTION 
(IN 30° CLASSES) OF RILL MARK TREND AZIMUTHS AGGREGATED 
FROM BHANDER GROUP OF MANDALGARH-SINGOU AREA 
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parting lineation azimuths recorded at 72 localities of Bhander Sandstone 
and 1 locality of Ganurgarh Shale. "Hie two-way orientation diagram based 
on parting lineation azimuths from Bhander Sandstone (Fig. 19) shows a 
single preferred trend along the west-northwest - east-southeast since 
maximum number of azimuths (23 out of a total of 97) lie in the 90 -120 
0 0 
class of the 0 -180 distribution. The vector mean azimuth calculated on 
0 0 0 
the basis of 0 -180 distribution is 95 . 
Rill mark provided a total of 57 azimuths (Appendix IX) which 
were mostly contributed by Sirbu a a l e and Bhander Sandstone (Table 7). 
Bhander Limestone did not yield any data and Ganurgarh Shale provided only 
2 azimuths. The composite two-way orientation diagram based on r i l l mark 
trend azimuths shows two unequal preferred trends oriented at 90 (Fig. 20). 
The primary trend lies along the northeast-southwest occurring in the 
30 -60 class of 0 -180 distribution and contains 25 azimuths. 9 azimuths 
l i e in the 120 -150 class that forms the secondary trend oriented along 
the northwest-southeast. The modal vector mean azimuth for the primary 
trend is 36 and for the secondary trend 131 . Thus» the two r i l l mark 
trends l ie almost at 90 . 
Current-drag folds are exclusively developed in Bhander Sandstone 
and their axis trend was recorded at 7 localities which yielded 40 azimuths. 
They were observed to be overturned at 4 localities where direction of 
overturning was also recorded and yielded a total of 22 azimuths. The 
two-way orientation diagram based on axis trend data shows a single 
preferred trend oriented east-west (Fig. 21). The frequency distribution 
of azimuths of current-drag fold asymmetry is unimodal and the mode is 
CURRENT- DRAG FOLD AXIS TREND 
270 •90' 
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FIG.21._TWO-WAY ORIENTATION DIAGRAM SHOWING DISTRIBUTION 
(IN 30° CLASSES )0F CURRENT-DRAG FOLD AXIS AZIMUTHS 
FROM BHANDER SANDSTONE OF MANDALGARH-SINGOLI AREA 
CURRENT - DRAG FOLD ASMMETRY 
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FIG 22-ROSE DIAGRAM SHOWING DISTRIBUTION (IN 30*> CLASSES ) 
OF CURRENT-DRAG FOLD ASYMMETRY AZIMUTHS FROM 
BHANDER SANDSTONE OF MANDALGARH-SINGOLI AREA 
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directed toivards the southwest (Fig. 22) . The vector mean azimuth for 
th i s d is t r ibut ion is 201°. 
SCALAR DATA 
(THICKNESS AND ISOPAQl MAP) 
As defined by Krumbein and Sloss (1963> p . 439) "An isopach map 
shows the varying thickness of a s t ra t igraphic unit by contour lines 
(isopach) drawn through points of equal th ickness" . Although an isopach 
map can be subjected to several in te rp re ta t ive uses> i t has been employed 
here mainly for the purpose of determining shore l ine orientat ion and 
paleoslope as ea r l i e r attempted by Picard (1967aj p . 391). 
Among the various formations* only Sirbu Shale could be subjected 
to suff ic ient ly accurate thickness measurements as i t s en t i re sequence 
outcrops in a steep scarp running through the study area. Moreover* the 
top and bottom contacts of the formation can be demarcated with suff icient 
accuracy at almost a l l locat ions . Isopach maps of other formations could 
not be prepared because Ganurgarh Shale and Bhander Limestone are mostly 
exposed on f l a t grounds and Bhander Sandstone has an erosional top 
throughout the study area. 
Isopach map of Sirbu Shale (Fig. 23) was prepared by (1) measuring 
and p lo t t ing the thickness of the formation at 25 loca l i t i e s along the 
scarp* and (2) contouring the plot ted thicknesses at an interval of 10 m. 
The map shows a predominant east-southeast - west-northwest trend of 
isopachs well displayed especially in the southern part of the area. Across 
V) 
o 
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th i s general trend ofisopachS) thickness of the formation decreases in 
the general north-northeast d i rec t ion . This predominant trend of isopachs 
bears a def in i te relat ionshio to the mean orientat ions of direct ionals 
discussed ea r l i e r (Fig. 24) . The following section deals with the paleo-
geographlc implications of the direct ionals and isopachs. 
PALEOGEOGRAPHIC RECONSTRUCTION 
Shore l ine Orientation 
Ripple t r end ' - Picard (1967b, p . 2471-2474), and Picard and High (1968, 
p . 420) emphasized the u t i l i t y of r ipple trend for determining shore l ine 
or ientat ion in the case of ancient sediments. In the nearshore marine 
and lacustr ine environments, the tendency of r ipple crests to pa ra l l e l the 
shore l ine has been demonstrated by several studies of both Recent and 
ancient sediments (Hyde, 1911, p . 264; Scott , 1930, p . 53; King, 1948; 
Tanner, 1959a; Vause, 1959; Greiner, 1962; Davis, 1965; Tohill and 
Picard, 1966; Picard, 1967a, b ; Picard and High, 1968). 
Shore l ine trend controls the orientation of both wave-formed and 
current-formed ripples in a nearshore marine environment. Wave-formed 
r ipples get oriented pa ra l l e l to the shore as a resul t of wave refraction 
due to f r ic t ion with the bottom (Picard, 1967a, p . 390, 1967b, p . 2473). 
Pot ter and Pettijohn (1963, p . 97) agree with the general parallel ism of 
r ipp le orientation with the shore l ine and s t a t e "Parallelism of r ipple 
marks to strand line of shelf deposits appears to ref lec t the fact that in 
shoal waters the wave normal tends to be perpendicular to strand l ine" . 
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Davis (1967, p . 2470) objected to the use of symmetrical r ipple marks for 
paleogeographic reconstructions since he thought that such ripples are 
formed by stat ionary osci l la t ion waves and the i r orientation indicates 
wind direction? not shore l ine or ienta t ion . Davis' objection seems 
untenable since? f i r s t ly? symmetrical r ipple marks do not necessari ly 
represent osci l la tory wave motion as proved by experimental studies 
(McKee» 1965? p . 74) and observations of modern ripples of t ida l f l a t s 
(Van Straaten? 1954a» p . 29)» and secondly? a general parallelism between 
r ipp le orientation and the shore trend in the nearshore environment has 
been demonstrated by several workers as mentioned e a r l i e r . Current-formed 
r ipples also acquire def ini te orientation in relat ion to shoreline because 
in the nearshore marine environment? current systems (wave drif t? t idal? 
and longshore? e tc . ) are controlled and modified by bathymetric slope 
and shore line (Picard and High? 1968). Currents moving up and down the 
bathymetric slope (onshore and offshore) orient the ripples pa ra l l e l to 
the shore? and those moving along the coast l ine (longshore) generate 
r ipples oriented at 90 . While majority of the ripples? thus? get oriented 
e i the r pa ra l l e l or normal to shore? there are others which acquire oblique 
orientat ion owing to i rregular trend of shore l ine and/or i t s incomplete 
control over currents . "Hius? i t may be concluded that in the nearshore 
marine environment where diverse current systems operate (Klein? 1967b) 
r ipp le trend wi l l be highly va r iab le . Despite this,two preferr td trends 
(pa ra l l e l and normal to shore line) wi l l be discernible because of the 
control of shore l ine and bathymetric slope on currents and waves. 
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With the above premise in mindt ripple tread data from Bhander 
Group interpreted as a nearshore marine deposit were s ta t i s t ica l ly 
analysed to determine preferred trends and their relation to the orienta-
tion of the ancient shore l ine. Ripple trend data from individual forma-
tions was aggregated and analysed as a whole. The aggregated data consisting 
of 495 azimuths are considered large enough to effectively mask the 
deviations from the general trend due to irregular bathymetry or wave 
interference in nearshore areas (Picardj 1967b> p . 2474). Deviations 
may become s ta t is t ical ly significant and lead to erroneous interpretation 
if insufficient data are considered as those from the individual formations. 
Moreover* format ion-wise interpretation of shore line orientation was 
considered unnecessary because of the conformable relations among the 
various formations and absence of any structural discordance which imply 
that no major change in shore line orientation could have occurred during 
the interval of time represented by Bhander Group, 
The highly variable orientation of ripple crests in Bhander Group 
(Fig. 18) is quite consistent with the nearshore marine environment 
interpreted for the sequence. The high variability is probably a result 
of complex current systems that existed in the environment of deposition 
of Bhander Group. However) despite their highly variable orientation the 
ripple crests show two subequal preferred trends in the east-southeast -
west-northwest? and north-northeast - south-southwest directions. The 
two preferred trends are exactly at 90 as indicated by their modal 
vector mean azimuths (96 » 6 ) . Either of the two preferred trends may 
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re f lec t the orientation of the ancient shore l i n e . However? the east-
southeast - west-northwest trend is the most l ikely choice as supported 
by other lines of evidence discussed below. 
Sand body elongation'- Orientation of elongate sandstone bodies is 
helpful in interpret ing the depositional s t r i ke (by implication? strand 
line) provided the environment of deposition is known (Potter? 1967» 
Pot ter and Pett i john, 1963? p . 178-184). Sand bodies formed in t ida l 
channels are mostly very elongate and oriented 90 to the shore l ine 
(Potter? 1967? p . 348). In the study area? prominent elongate sandstone 
bodies interpreted as t ida l channel and in le t deposits occur within unit B 
of Bhander Sandstone. Two such major elongate sandstone bodies were 
traced at Bljolia and Khandna ki Dhani and both of them were found to be 
oriented north-northeast - south-southwest. By implication? i t seems 
probable that the ancient shore l ine was oriented in a general east-south-
east - west-northwest d i rec t ion . 
Orientation of current-drag f o l d s ' - Another l ine of evidence supporting 
an east-southeast - west-northwest trend of the shore l ine is provided by 
the orientation of current-drag folds which are closely associated with 
the above mentioned channel sandstone bodies. As described ear l ier? th is 
s t ruc ture in a l l probabil i ty owes i t s origin to current drag because a 
c lose correlation exis ts between the deformation and the current di rect ion. 
Since these folds are believed to have formed due to currents operating 
in t i da l channels? the i r axes are expected to be oriented across the 
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channel elongation; and* therefore* parallel to the shore l ine. The 
two-way orientation diagram (Fig. 21) based on 40 azimuths of current-
drag fold axes from widely dispersed localities* shows a single preferred 
trend oriented east-west. The vector mean azimuth for this trend calculated 
on the basis of 0 -180 distribution is 90 . This trend closely approximates 
the east-southeast - west-northwest trend of shore line inferred from other 
lines of evidence. Thus» i t is highly probable that orientation of axes of 
current-drag folds originating in tidal channels may be representative 
of shore line trend. 
Rill mark trend'- It is common knowledge that r i l l marks are generally 
oriented normal to shore line. The composite two-way orientation diagram 
(Fig. 20)} based on 57 azimuths aggregated from Ganurgarh Shale* Sirbu 
Shale and Bhander Sandstone* shows a predominant preferred trend in the 
northeast - southwest direction. The modal vector mean azimuth for this 
0 0 0 
trend calculated on the basis of 0 -180 distribution is 36 which is 
nearly normal to the inferred east-southeast - west-northwest trend of 
shoreline. 
Isopachs'- The best confirmation of the east-southeast - west-northwest orien-
tation of shoreline, is obtained from isopach map of Sirbu Shale (Fig. 23). 
This map shows a predominant east-southeast - west-northwest trend of 
isopachs* very well displayed in the southern part of the area* which in 
a l l probability represents the average shoreline orientation (Picard* 
1967a, p . 391). 
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Thus* on the basis of several lines of evidence? such as ripple 
crest orientation* elongation of sandstone bodiesj current-drag fold axis 
trend» rill mark orientation and trend of isopachS) it may be concluded 
that during the deposition of Bhander Group the general orientation of 
the shoreline was in the east-southeast - west-northwest direction 
(Fig. 24). The 96 -276 trend determined statistically from a large 
number of ripple crest azimuths (n = 495) in all probability represents 
the average shoreline orientation. 
Paleoslope 
Paleoslope has been determined mainly on the basis of lateral 
stratigraphic relationships of Sirbu Shale and Bhander Sandstone. In 
contrast to the early Wernerian doctrine of perfect lateral persistence 
of stratigraphic units; the importance of their lateral lithologic 
variation (facies change) is now universally acknowledged. This concept 
gained ground when stratigraphers. following the principle of uniformita-
rianism recognized the role of depositional environment in sediment accumu-
lation and realized that lateral changes in stratigraphic units are bound 
to occur due to differences in depositional conditions at the same geologic 
time. Lateral variations are particularly important for interpretation of 
paleogeography because they reflect the contemporaneous environmental 
differences In space. 
Stratigraphic relationships among Sirbu Shale and Bhander Sandstone 
show that the two formations represent facies change and are time equivalent. 
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Sirbu Shale thins out progressively in the general north-northeast 
direction (Fig. 25) and ultimately pinches out southwest of Bundi 
(Coulsonj 1927). This thinning and ultimate pinch-out of Sirbu Shale is 
accompanied by an increase in thickness of Bhander Sandstone in the 
general north-northeast d i rec t ion . Moreover* Sirbu Shale contains sand-
stone intercalat ions which become progressively thicker towards the top 
of the formation lying in contact with Bhander Sandstone. These in te r -
calations represent intertonquiriq relationship of the two formations. 
All these features suggest that Bhander Sandstone is a l a te ra l l i thologic 
variant of Sirbu Shale and» by implication* the two formations are time 
equivalent. 
The above conclusion is further supported by a "coarsening-upward" 
tex tura l dis t r ibut ion of sediments exhibited by the transgressive part 
of the Bhander Group sequence which commences with unit B of Sirbu Shale. 
The base of this sequence (unit B of Sirbu Shale) comprises s i l t y shales 
which are overlain successively by s i l t s tones (unit C of Sirbu Shale)» 
very fine sandstone/si l ts tone and shale (unit D of Sirbu Shale)» mostly 
very fine sandstone (unit A of Bhander Sandstone) and» finally? mostly 
fine sandstone (unit B of Bhander Sandstone). Following the Walther's 
Rule that ve r t i ca l changes mirror the horizontal variations* th is 
"coarsening-upward" sequence* owing to i t s t ransgressive nature* suggests 
a "fining-shoreward" textural distr ibution of sediments reported characteris-
t i c of modern t ida l f la ts (Van Straaten, 196i; Thompson* 1966; Klein* 
1971). This "fining-shoreward" textural d is t r ibut ion involving the whole 
Sirbu Shale - Bhander Sandstone sequence (except unit A of Sirbu Shale) 
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implies that the two formations are time-equivalent and represent l a te ra l 
facies change. 
The l a te ra l passage of Sirbu Shale into Bhander Sandstone ref lects 
the spa t ia l change in depositional environment and? therefore? indicates 
paleoslope. Although the broad depositional environment of Sirbu Shale 
and Bhander Sandstone is prac t ica l ly the same (nearshore marine)* the 
l a t t e r represents re la t ive ly basinward facies (low t ida l f la t and related 
environments) than Sirbu Shale (mostly supratidal and high t i da l f la t 
environment). The l a te ra l change from supratidal-high t ida l f l a t facies 
to low t ida l f la t facies in the north-northeast direction implies that 
paleoslope was also in the same general d i rec t ion . This north-northeast 
0 
directed paleoslope l ies 90 to the inferred shoreline or ienta t ion . 
A further confirmation of the north-northeast directed paleoslope 
is obtained on considering the transgressive relat ionship between Sirbu 
Shale and Bhander Sandstone and the slope of l i thologic boundary between 
the two formations. Weller (1960> p . 501» his Fig. I90C) showed that 
transgression gives r i s e to basinward dipping l i thologic boundaries along 
which the re la t ive ly basinward facies overlie the re la t ive ly landward 
fac ies . Similar s t ra t igraphic relationship is obtained between Sirbu Shale 
and Bhander Sandstone (Fig. 25) which have been shown to represent a trans-
gressive phase. Thusj the dip of l i thologic boundary between Sirbu Shale 
and Bhander Sandstone further suggests north-northeast directed paleoslope. 
A highly significant occurrence of a t i da l channel deposit was 
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noted in unit A of Bhander Limestone near Tharod v i l l a g e . The channel 
is oriented almost 90 to the inferred east-southeast - west-northwest 
trend of shore l ine . The channel-f i l l consists of a lower bed containing 
pebbles of red micri te and imbrication of these pebbles indicates north-
northeast directed currents . The upper bed overlies the lower one with a 
channelled base and contains blue in t raspar i te pebbles which are also 
imbricated but in the opposite d i rec t ion. This 180 reversal of current 
direction suggests ebb and flood t ide currents within the channel which 
brought red micrite pebbles from the south-southwest and blue in t raspar i t e 
pebbles from the north-northeast . I t follows} thereforei that red micri te 
and blue in t r a spa r i t e were deposited contemporaneously in contiguous 
zoneS) the former towards the south-southwest and the l a t t e r towards the 
north-northeast . Sincei as discussed elsewhere* red micri te represents 
suprat idal conditions and blue in t raspar i t e r e l a t ive ly basinward high 
t i d a l f la t environment? the r e l a t ive positions of the two indicate north-
northeast directed paleoslope. 
ThuS) several lines of evidence such as l a t e ra l facies change* 
slope of l i thologic boundary and direction of pebble transport* are 
together suggestive of north-northeast directed paleoslope during the 
deposition of Bhander Group. 
DISPERSAL PATTERNS OF SEDIMENTS 
Multidirectional sediment dispersal pat terns are expected in 
Bhander Group of the study area since i t has been recognized as a deposit 
of nearshore marine environment. In order to identify and d i f f e r a i t i a t e 
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FIG. 26._REFERENCE QUADRANTS FOR DIFFERENTIATING ONSHORE, 
OFFSHORE,AND ACROSS-SLOPE/LONGSHORE SEDIMENT DISPERSAL 
PATTERNS. WHOLE CIRCLE DIVIDED INTO FOUR QUADRANTS WITH 
REFERENCE TO 96°-276°AVERAGE TREND OF SHORELINE. 
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MODAL VECTOR MEANS ACCORDING TO REFERENCE QUADRANTS 
SHOWN IN FIGURE 26. 
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the various dispersal patterns* an attempt has been made to relate paleo-
current directions to the interpreted shore line trend and paleoslope. 
For this purpose* the whole circle was divided into four quadrants (fig. 26) 
0 0 
with reference to s t a t i s t i c a l l y determined 96 -276 trend of the ancient 
shore l ine . The vector mean and modal vector mean c ross -s t ra t i f i ca t ion 
azimuths fa l l ing in the quadrants 2 and 4 were considered to represent 
across-slope/longshore sediment transport* whereas those located within 
the quadrants 1 and 3 were respectively identif ied as offshore and onshore 
pa t t e rns . 
As already remarked elsewhere detai led analysis of sediment d i s -
persa l patterns in the study area could be attenpted only in the case of 
Bhander Sandstone. The other three formations yielded scant direct ional 
data and* hence* only a broad picture of sediment dispersal can be visualized 
in thei r case. 
Ganurgarh Shale 
The quadrimodal pattern shown by the composite frequency dis t r ibut ion 
of c ross -s t ra t i f i ca t ion azimuths from Ganurgarh Shale (Fig. 13) suggests 
that sediment was transported downs lope* upslope and across-slope as 
documented by Klein (1967b* p . 373) for t i da l f l a t s . A confirmation of th is 
conclusion is obtained when the four modal vector mean azimuths for the 
quadrimodal dis tr ibut ion are referred to Fig. 26. Each of the 4 modal 
vector mean azimuths fa l l s within one of the four quadrants and hence 
represents a par t icu lar current pa t tern . I t appears that offshore currents 
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played a prominent role in sediment dispersal as suggested by the northward 
directed primary mode of the composite dis t r ibut ion (Fig. 13), 
Bhander Limestone 
An analysis of sediment dispersal patterns in Bhander Limestone is* 
by and large* redundant inasmuch as the formation has been deposited mostly 
from suspension. Traction transport was limited to small channels and 
occurred rarely as evidenced by paucity of c ros s - s t r a t i f i c a t i on . The scant 
data of c ross - s t ra t i f i ca t ion orientation that could be recorded from only 
one channel deposit shows a frequency dis t r ibut ion (Fig. 13) more or less 
s imilar to the one shown by composite dis t r ibut ion of Ganurgarh Shale. This 
may suggest that dispersal pat tern of Bhander Limestone VIBS broadly similar 
to that of Ganurgarh Shale. 
Sirbu Shale 
The composite d is t r ibut ion of c ross - s t ra t i f i ca t ion azimuths (n = 16) 
from Sirbu Shale though s t a t i s t i c a l l y insignificant shows a trimodal pattern 
which may suggest three current populations involved in sediment t ranspor t . 
The three populations are oriented almost at 90 since the i r modal vector mean 
azimuths are 120 > 215 and 314 . These values when referred to Fig. 26 suggest 
that the three current pat terns represent across-slope and onshore dispersal 
in the northwest? southwest* and southeast d i rec t ions . 
Bhander Sandstone 
Frequency dis t r ibut ion of loca l i ty- leve l vector mean c r o s s - s t r a t i -
fication azimuths in 30 classes (Fig. 16A) suggests a dominant transport 
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pa ra l l e l to the ancient shore l ine trend in the west-northwest d i rec t ion . 
This is indicative of sediment dispersal mostly by longshore currents . 
Dominant role of longshore currents also becomes apparent when these 
azimuths are separated into various dispersal patterns (Fig. 27A). 62 
per cent of the to ta l azimuths f a l l in the quadrant 4> 22 per cent in 
quadrant 3, and 15 per cent in quadrant 1. This suggests that both onshore 
and offshore currents also par t ic ipated in sediment dispersal? but onshore 
dispersal was more frequent than the offshore one. Only one azimuth 
happens to l i e in the quadrant 2 suggesting that longshore currents reversed 
t h e i r direction of transport very ra re ly . 
Paleocurrent patterns at the sector level are indicated by vector 
mean c ross -s t ra t i f i ca t ion azimuths for unimodal dis t r ibut ions and modal 
vector mean azimuths in the case of polyraodal d i s t r ibu t ions . Frequency 
0 
dis t r ibut ion of these azimuths in 30 classes (Fig. Iffi) again indicates 
that sediment was transported mostly by longshore currents in the west-
northwest d i rec t ion. However> unlike unimodal dis t r ibut ion of loca l i ty -
level vector mean azimuths (Fig. 16A), this d is t r ibut ion is polyraodal 
(Fig . 16B) indicating an increase in the influence of current pat terns 
other than longshore. The augmented role of other current patterns in 
sediment dispersal at the sector level is further suggested when sector 
azimuths are grouped in the 4 quadrants (Fig. 27B). The quadrants 
representing onshore and offshore current patterns contain respectively 
25 and 18 per cent of the to t a l azimuths. I t may be noted here that the 
onshore current pattern s t i l l retains i t s superiori ty over the offshore 
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one as observed at the local i ty level . Incidence of east-southeast 
directed longshore currents also increases at the sector level as 8 per 
cent of the total sector azimuths l i e in the quadrant 2 . 
At the subarea level paleocurrent patterns are represented by 
vector mean and modal vector mean c ross - s t ra t i f i ca t ion azimuths. Frequency 
0 
dis t r ibut ion of these azimuths in 30 classes (Fig. 16C) suggests that at 
th i s level the hi ther to dominant west-northwest directed longshore dispersal 
pattern has been suppressed to an appreciable extent due to greater 
par t ic ipat ion of onshore and offshore current pat terns in the dispersal 
of sediments. The dis t r ibut ion is unimodal except for the small east-
southeast directed mode which is oriented jus t 180 to the west-northwest 
directed longshore t ranspor t . Grouping of subarea azimuths according to 
various current patterns (Fig. 27C) is further suggestive of a decrease in 
longshore current and a simultaneous increase in onshore and offshore 
currents since 38 per cent of the azimuths f a l l in the quadrant 4> 31 per 
cent in quadrant 1,and 27 per cent in quadrant 3 . The east-southeast 
directed longshore currents are once again relegated to an infer ior position 
since only 4 per cent of the azimuths f a l l within the quadrant 2 . 
The uniraodal d is t r ibut ion of c ross - s t ra t i f i ca t ion azimuths at 
majority of the loca l i t i es (124 out of a to ta l of 162) and the i r high 
vector magnitude values (averaging 88.9 per cent) suggest very low 
v a r i a b i l i t y of c ross -s t ra t i f i ca t ion orientation at individual l oca l i t i e s 
which is exoected since the c ross -s t ra t i f i ca t ion of the study area has 
been shown to form by longshore* and onshore and offshore t ida l currents . 
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Davis and Fox (1972» p . 407) demonstratedj on the basis of the i r obser-
vations in modern nearshore areas* that longshore currents behave as 
unidirectional f luvial currents during high energy periods and bring about 
rapid migration of dunes. Tidal currents* because of the i r time-velocity 
asymmetry* transport sediment only during one phase of the t i da l cycle 
(Klein, 1970ajp. 1115; Kranck, 1972, p . 599). Thus, in any par t icu la r 
area sediment dispersal is e i ther onshore or offshore depending upon the 
dominance of flood or ebb currents . Klein (1970a, p . 1118) reported from 
Recent in t e r t ida l sediments abundance of unimodal orientation of cross-
s t r a t a , low variance and scarci ty of herringbone pat tern , as a resu l t of 
bedform migration during only one phase of the t i da l cycle. Thus,in the 
study area dominance of unimodal dis t r ibut ion of c ross - s t ra t i f i ca t ion 
azimuths and the i r low va r i ab i l i t y at individual loca l i t i es can be explained 
as a resul t of the behaviour of longshore currents similar to the f luvial 
currents , and also by time-velocity asymmetry of the t ida l currents . 
Frequency dis t r ibut ion and s t a t i s t i c a l parameters of cross-
s t r a t i f i c a t i o n azimuths show a regular variation at successively higher 
levels of sampling from the local i ty level to the Area level (Table 11). 
An increase in the incidence of pol3rraodal d is t r ibut ion and a concomitant 
decrease in vector magnitude values from the loca l i ty level to the Area 
level suggest increasing va r i ab i l i t y of c ross - s t ra t i f i ca t ion orientation 
with higher levels of sampling. This conclusion is further supported by 
an increase in the standard deviation and variance values from the sector 
level to the Area level . This increase in va r i ab i l i t y of c ross - s t ra t i f i ca t ion 
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TABLE 11 . - INCIDENCE OF UNIM0DAL/P0LYf<10DAL DISTRIBUTION OF BHANDER 
SANDSTONE CROSS-STRATIFICATION A2IJ3UTHS AND STATISTICAL 
PARMIETERS OF THEIR VARIABILITY AT VARIOUS SAMPLING LEVELS, 
Sampling 
Level 
Area level 
Subarea level 
Sector level 
Locality level 
Unimorial Polyniodal 
Distribution Distribution 
(per cent of to ta l (per cent of t o t a l 
d is t r ibut ions) d is t r ibut ions) 
Unimodal 
9 91 
49 51 
77 23 
L% 
57.0 
63.2 
74.8 
88.9 
0 -
60.0 
57.5 
46.0 
-
S2 
3656 
3391 
2473 
-
orientat ion with higher levels of sampling is most orobably on account of 
the increase in the area of sampling and consequent involvement of loca l i t i e s 
with diverse dominant directions of sediment t ranspor t . 
The dominant west-northwest longshore sediment transport indicated 
by Bhander Sandstone c ross - s t ra t i f i ca t ion also finds support from part ing 
lineation present in the formation. The frequency dis t r ibut ion of parting 
l ineation azimuths (Fig. 19) suggests a dominant east-southeast - west-
northwest trend of currents . I t is in teres t ing to note that the vector 
mean azimuth (95 ) for frequency dis tr ibut ion of part ing lineation azimuths 
has almost exactly the same value as the modal vector mean azimuth (96 ) 
for the primary trend of the frequency dis t r ibut ion of r ipple crest 
azimuths. Therefore? i t appears that longshore currents were mainly 
responsible for the origin of Bhander Sandstone part ing lineation which 
is quite l ikely since? as already mentioned} longshore currents are known 
to transport sediment under high flow regime. 
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Thusj i t may be concluded on the basis of c ross - s t ra t i f i ca t ion 
orientat ion and trend of part ing lineation that sediment dispersal in 
the case of Bhander Sandstone was mostly by longshore currents in the 
west-northwest direction as is also apparent from the Area aggregate 
mode (Fig. 15) and the Area aggregate vector mean (270 ) . The longshore 
currents rarely reversed the i r direction of sediment transport and hence 
sediment dispersal in the east-southeast direction was negl ig ib le . The 
onshore and offshore currents also par t ic ipated in sediment dispersal j 
the former more so than the l a t t e r . A similar dispersal pattern was 
inferred by Tanner (1963b) for Permian rocks of central New Mexico on the 
basis of c ross - s t ra t i f i ca t ion or ienta t ion , 
ENVIR0N?.1ENTAL CONTROL ON DISPERSAL PATTERNS 
A close agreenent is obtained between the interpreted sediment 
dispersal patterns and depositional environments of the Bhander Group. 
I t may be recalled that the sequence of Bhander Group represented by 
Ganurgarh Shale* Bhander Limestone and Sirbu Shale was* by and large* 
deposited under low energy conditions of suprat idal and high i n t e r t i da l 
zones of the t ida l f l a t environment. Within th is sequence occurrence of 
micro cross-lamination mostly in channels indicates that bedload transport 
occurred in channels whereas on the res t of the f lats deposition was 
dorainantly from suspension. 
Tidal currents are known to bring about t ract ion transport of 
sediments by ripple migration in the channels of high flats* and the 180 
reversal of current direction due to flood and ebb t ides resul ts in 
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bipolar-bimodal orientation of current-formed s t ruc tu res . Moreoverj on 
the high f la t s during flood t ide a gradual supply of sediments out of 
the channels also resul ts in sediment transport by r ipple migration 
across the channels (Van Straatenj 1961, p . 205) and> by implication, 
across the s lope. Thus, on the higher parts of t i da l f la t s sediment, is 
mostly dispersed onshore and offshore and to some extent also across-
s lope . 
The onshore, offshore and across-slope sediment dispersal patterns 
recognized in Ganurgarh Shale, Bhander Limestone and Sirbu Shale f i t in 
very well with the i r depositional environments. The frequency dis t r ibut ions 
of c ross - s t ra t i f i ca t ion azimuths for the three formations (Fig. 13) show 
a t a glance that onshore-offshore dispersal was much more frequent than 
the across-slope t ransport . This is expected since c ross - s t ra t i f i ca t ion 
in the three formations is mostly developed in channels in which t i da l 
currents reversed the i r direction and transported sediments onshore and 
offshore. The across-slope dispersal patterns most probably represent 
sediment transport away from and across the channels. 
The remaining sequence of Bhander Group represented by Bhander 
Sandstone was deposited in the higher energy conditions of low t i da l 
f l a t s , large t ida l channels, bars . Inlets and beaches. The sediment 
dispersal patterns recognized for Bhander Sandstone suggest mostly one-
way longshore, and onshore and offshore sediment t ranspor t . The longshore 
transport is predominant, and among the onshore and offshore pat terns the 
former is prominent. Superiority of onshore currents over offshore 
currents is also evidenced by landward overturning of current-drag folds 
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occurring in the t i da l channel sandstone bodies. 
A perfect agreenent is obtained between the dispersal patterns 
and depositional environments of Bhander Sandstone. I t has been demons-
t ra ted that in le t migration and consequent reworking of ba r r i e r sediments 
has played a prominent role in the deposition of Bhander Sandstone. 
Since in le t migration is known to occur along coasts where longshore 
currents are predominant (Hoytj 1968» p . 315)» predominance of such 
currents in Bhander Sandstone is sa t i s fac to r i ly explained. Moreover* 
the superiori ty of onshore currents over offshore currents indicate that 
strong flood currents kept open the in le ts and allowed passage of water 
and sediments from the open sea to the f la ts behind the b a r r i e r s . 
The trimodal dispersal pattern shown by r ipple asymmetry (Fig. 17) 
is also environmentally s ign i f ican t . Klein (1970a» p . 1104) reported 
trimodal orientation of current ripples from modern in te r t ida l sediments. 
He believes that trimodal orientation is due to generation of r ipples 
during slope-controlled? la te-s tage sheet run-off. Ripple asymmetry 
data of the study area has been mostly collected from unit D of Sirbu 
Shale and the. lower part of unit A of Bhander Sandstone. These units 
have been interpreted as deposits of raid and low t ida l f la t environments 
which are known to be characterized by la te-s tage sheet run-off. Thus» 
in a l l probabil i ty this process was responsible for the trimodal orientation 
of asymmetrical r ipple marks. 
PROVENANCE 
The interpreted "fining-shoreward" textura l dis tr ibut ion of 
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sediments during the deposition of time-equivalent Sirbu Shale and 
Bhander Sandstone* as discussed elsewhere* suggests that sediments were 
mostly derived from the sea . Supply of sediments from the seaward side* 
reported as a charac ter i s t ic feature of modern t i da l f la t s^ i s a consequence 
of landward sediment transport by flood-waters and fa i lure of ebb-waters 
to return an equal amount of sediment seaward (Postma» 1954> 196l» Van 
Straaten and Kuenenj 1958; Van Straaten, 196i; Shinn jUaJL.j 1969). 
Thus* i t is highly probable that Bhander Group sediments* deposited in 
t i d a l f la t and related environments* were largely derived from the seaward 
s ide . That sediments of the nearshore areas of the basin under study were 
mainly brought by longshore currents from sources located in the eas t -
southeast direction is suggested by the predominant west-northwest directed 
paleocurrents oriented pa ra l l e l to the shorel ine . 
An idea of the composition of source rocks has been formed on the 
basis of d e t r i t a l components of sandstones of the study area. The 
presence of unmetaraorphosed sedimentary rocks> such as quartzose sandstones* 
ferruginous shales and limestones in the provenance is suggested by 
(1) d e t r i t a l clasts of quartzose sandstone and ferruginous shale* and 
second cycle quartz grains showing abraded overgrowths* (2) fragments of 
"flamboyant quartz" (Folk, 1968* p . 73)* and well rounded d e t r i t a l grains 
of chert* and (3) a r e s t r i c t ed heavy mineral su i t e composed mostly of 
durable and well rounded grains (second cycle) of tourmaline and zircon. 
The contribution of low grade raetaraorphic rocks* such as meta-
quartzi te* quartz schist* phy l l i t e and slate* is a t tes ted by (1) d e t r i t a l 
c las t s of "recrysta l l ized metamorphic" and "stretched metamorphic" quartz* 
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(2) phy l l i t e and s l a t e fragments* and (3) d e t r i t a l micas. 
A third type of source assemblage appears to have consisted of 
basic and acidic igneous rocks. Opaque heavy minerals* such as magnetite 
and ilmenite were perhaps derived from basic igneous sources. Angular 
and euhedral grains of zircon ( f i r s t cycle)* potash felspar grains and 
"comraon" quartz grains are col lect ively suggestive of the presence of 
granites and gneisses in the provenance. 
Thus* the provenance of Bhander Group sediments of the study area 
consisted of diverse rock assemblages* such as (1) sedimentary rocks 
(quartzese sandstones* ferruginous shales* limestones)* (2) low grade 
metaraorphic derivatives of sandstones and shales (quartzites* quartz 
schists* phyll i tes* s la tes)* (3) basic igneous rocks* and (4) granites 
and gneisses. 
The above inferred source composition matches the composition of 
the pre-Vindhyan rocks that presently occur around the Vindhyan basin 
(Fig. 28) . These rocks are exposed in Hewar and Bundi areas along the 
northern* western and southwestern margins of the western part of the main 
Vindhyan basin. Towards the south* the western part of the main basin is 
covered by younger volcanics of Cretaceous-Eocene age (Deccan Traps). 
However* at a distance of about 250 km in the same direction from the 
present day basin margin* pre-Vindhyan rocks outcrop in the Dhar Forest 
a rea . From here* detached outcrops of pre-Vindhyan rocks are met in an 
arcuate be l t roughly following the Narmada-Son l ine . East of the western 
par t of the main basin^pre-Vindhyan rocks outcrop in Bundelkhand area . 
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Thus» i t can be seen that the pre-Vindhyan rocks occur along almost the 
en t i re margin of the Vindhyan basin. 
The pre-Vindhyan rocks in a l l the above mentioned areas comprise 
mainly granites and gneisses* and metasediments (Pascoej 1950} Wadia^ 
1966J Krishnan* 1968). The granites and gneisses form the basement over 
which sediments older than those of the Vindhyan Supergroup were deposited. 
The basement rocks of Hecvar and Bundelkhand areas? called respectively 
Bcrach granite and Bundelkhand granite* resemble one another. Both of 
them are unfoliated homogeneous granites showing l i t t l e var iabi l i ty* and 
are characterized by the presence of quartz veins and basic in t rus ives . 
This led Heron (1936) to suggest thatBerach granite is a westward continua-
t ion of Bundelkhand grani te . Apart from Berach granite* basement rocks of 
Mewar area also comprise banded gneisses col lect ively designated Banded 
Gneissic Complex. The basement granites and gneisses also occur in detached 
outcrops along the Narmada and Son val leys . 
The pre-Vindhyan metasediments overl ie the basement granite and 
gneisses with an unconformity. In Mewar area the succession of pre-Vindhyan 
metasediments commences with Aravalli rocks which show very l i t t l e a l tera t ion 
towards the east near the margins of the main Vindhyan basin and consist of 
quar tz i tes* ferruginous shales* slates* phyl l i tes* ferruginous and cherty 
limestones* and basic in t rus ives . Aravalli rocks are overlain successively 
by Bhagwanpura Limestone (Raialo Series)* and almost unmetamorphosed Sawa 
Shales and Jlran Sandstone of possibly Delhi age. 
The pre-Vindhyan metasediments of the Bundelkhand area comprise 
Bijawar and Gwalior Series both of which show l i t t l e metamorphisra and contain 
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penecontemporaneous lava flows. The lithology of the two series is also 
broadly similar since both consist of mostly quartzose sandstones or 
qua r t z i t e s ; cherty limestones? ferruginous shales» and banded j a spe r s . 
Detached outcrops of Bijawar rocks also occur alono the Narraada and Son 
Valleys. They consist of quar tz i tes or quartz schists* s la tes interbedded 
with limestones? chlor i te schists? banded and ferruginous jasper? and lavas. 
Thus? the present day dis t r ibut ion of pre-Vindhyan rocks suggests 
that the ancient Vindhyan basin was surrounded almost completely by unraeta-
raorphosed/low grade metamorphosed sediments? granites and gneisses and 
basic igneous rocks which provided sediments to the basin. A perfect 
match is? therefore? obtained between the composition of pre-Vindhyan rocks 
and the source composition inferred from d e t r i t a l components of sandstones 
of the study area . In a l l probabil i ty metasediments were the dominant 
source rocks since they must have covered extensively the basement granites 
and gneisses (Pascoe? 1950). I t appears therefore that the composition of 
the source rocks played an important role in the evolution of compositional 
and textural maturity of the Vindhyan sediments. 
As remarked earl ier? the predominant paleocurrents suggest that 
Bhander Group sediments of the study area were brought mainly by longshore 
currents from sources located in the east-southeast d i rec t ion . These sources 
were in a l l probabil i ty extensive Bijawar and Gwalior deposits and uncovered 
portions of Bundelkhand granite representatives of which are presently seen 
in the Bundelkhand area and along the Narmada and Son Valleys. 
CHAPTER VI 
CONCLUSIONS 
The uppermost s t ra t igraphic interval of Vindhyan Supergroup* the 
Bhander Group* conformably overlies the Rewa Group* and has an average 
thickness of 335 m in the study area. I t is formally d iv is ib le Into four 
mutually conformable formations : Ganurgarh Shale* Bhander Limestone* 
Sirbu Shale and Bhander Sandstone in the ascending order. Detailed study 
of lithology and sedimentary characters has made i t possible to divide 
each formation into two or more units which may acquire the formal s tatus 
of a "member" on investigating the adjacent areas in d e t a i l . 
Although the three-dimensional geometry of Ganurgarh Shale and 
Bhander Limestone is not ascertainable in the investigated area* i t seems 
probable that the east-southeast - west-northwest trend of the outcrops of 
the two formations represents the i r depositional s t r i ke since there is no 
appreciable change in the i r thicknesses in th is d i rect ion. A similar 
depositional s t r i ke is indicated for Sirbu Shale by i t s isopachs* which 
also suggest a north-northeast thinning of the formation. A north-northeast 
thickening of Bhander Sandstone takes place at the expense of Sirbu Shale. 
An over a l l thickening of Bhander Group in Bundi area* north-northeast of 
the study area* seems to be a resul t of normal la te ra l changes in l i tho -
stratigraphic units rather than faulting and repetition of the strata as 
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suggested by ea r l i e r workers. 
Fine e las t ics and carbonate mudstones of variable colour predo-
minate in the lower half of Bhander Group comprising Ganurgarh Shale* 
Bhander Limestone and Sirbu Shale. Within these formations sheet - l ike 
bands and pa ra l l e l laminations are character is t ic} whereas thin lenses 
representing sraall channel-f i l ls occur in some units and are absent from 
the others . These lenses are formed of intraformational breccia* and 
e las t i cs re la t ive ly coarser than the enclosing shales and s i l t s t o n e s . 
Flaser-bedded) interlaminated shales and sandstones comprising the top 
unit of Sirbu Shale mark the passage from the fine clast ic-carbonate 
mudstone l i thologic association to the essent ia l ly sandy upper half of 
Bhander Group (Bhander Sandstone) which is formed of generally very fine 
to fine sand. Bhander Sandstone is generally r ipple laminated and micro 
cross-laminated in the lower par t and c ross - s t r a t i f i ed in the upper part 
and occurs in two d is t inc t faciesj sheet and channel faciesj which show 
different sedimentary characters . 
Sedimentary structures of diverse tjrpesj though occurring in a l l 
the formations of Bhander Group* show the i r maximum development in Bhander 
Sandstone. In the lower half of Bhander Group large-scale current- and 
wave-formed structures are absent* mud cracks and f la t pebbles occur 
throughout; and small symmetrical r ipple marks are very common. Other 
s t ructures are micro cross-lamination* r ipple marks of asymmetrical* 
rhombic and tadpole nests var ie t ies* r i l l and swash marks* and f lu te and 
groove ca s t s . 
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Bhander Sandstone shows a different association of sedimentary 
s t ructures inasmuch as large-scale c ross - s t ra t i f i ca t ion and part ing 
l ineation are charac ter i s t ic of the formation. The frequency dis t r ibut ion 
of c ross - s t ra t i f i ca t ion set thicknesses is multimodal and that of dip 
angles of cross-s t ra ta uniraodal. Both symmetrical and asymmetrical r ipple 
marks occur and they are generally of larger s ize than those occurring in 
the lower half of Bhander Group. Flute cast and flute markj load structure* 
ball-and-pillow structure* convolute lamination and current-drag s t ructure 
occur exclusively in Bhander Sandstone in association with large channel-
f i l l s . Mud cracks* shale pebbles and r i l l and swash marks occur in the 
lower part of the Bhander Sandstone sequence. 
Petrographic study of Bhander Group sandstones has demonstrated 
the i r high textural and compositional maturity interpreted to be par t ly 
owing to recycled nature of the sediments and par t ly to more or less s table 
tectonic framework of sedimentation as alluded to l a t e r . The monotonous 
petrographic characters of sandstones could hardly be u t i l i zed for facies 
analysis and deciphering depositional environments. In general, the 
sandstones are fine grained* well sorted and show near-symmetrical d i s t r i -
bution of grain s i ze . Detr i ta l grains are generally subrounded to rounded. 
High compositional maturity of the sandstones is borne out by the fact 
that they are almost ent i re ly composed of s i l iceous const i tuents . The 
important diagenetic features of sandstones are pressure solution and 
s i l i c a cementation. Generally* the sandstones are s l igh t ly presolved and 
the available pore spaces have been f i l led up with quartz cement in the 
form of overgrowths. Pressure solution of d e t r i t a l quartz grains has 
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probably provided the s i l i c a for cementation. Glauconite occasionally 
occurs in the sandstones* and most probably i t originated due to glauco-
n i t i za t ion of clay pe l le t s in a semi-oxidizing seamarginal environment. 
Petrographic study of carbonates has shown that they are const i -
tuted of four main components: intraclasts» micrite* sparry ca lc i t e and 
carbonate s i l t . The regular interlaminated occurrence of carbonate s i l t 
with micrite and presence of micro cross-lamination in it» suggest that 
carbonate s i l t is a de t r i t a l material and is not a product of grain growth 
or aggrading recrys ta l l iza t ion despite i t s resemblance to microspar. 
Detailed study has made i t possible to recognise as many as nine environ-
mentally sensi t ive raicrofacies? namely> micrite» clayey micrite* graded 
micrite* dolomitized micrite* interlaminated m i c r i t e - c a l c i s i l t i t e * in t ra -
c a l c i s i l t i t e * intrasparrudite* intramicrudite and oospari te . Each unit 
of Bhander Limestone shows a charac ter i s t ic association of microfacies. 
Dolomitization is an environmentally signif icant feature in the 
studied carbonates since several lines of evidence suggest that dolomite 
has formed in the environment of sedimentation by penecontemporaneous 
replacement of calcium carbonate. Such early dolomitization is believed 
to be charac te r i s t ic of modern seamarginal supratidal environments. 
The depositional environments of Bhander Group sediments have been 
interpreted on the basis of comparisons and best f i t with process-response 
models for modern sediments of diverse environments* and also on the basis 
of Walther's Rule of Facies. The charac ter i s t ic features of the lower 
half of Bhander Group sequence* such as fine c las t ic -micr i te l i thologic 
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associationj absence of large-scale current- and wave-formed structures? 
and predominance of para l le l laminations suggest deposition mainly from 
suspension in a low energy seamarginal environment. The marine influence 
on sedimentation is further indicated by the presence of glauconite 
almost throughout th is sequence. That th is seamarginal environment 
belonged mostly to supratidal and high t ida l f l a t s is a t tes ted by features 
indicating processes of exposure and desiccationi evaporation and l a t e -
stage emergence run-off pr ior to exposure. V/ithin these essen t ia l ly t ida l 
f la t deposits* lagoonal sediments have also been identif ied which probably 
represent periods of increased protection of the ancient basin from open 
sea conditions. 
The t rans i t ion from essent ia l ly suspension deposits of the lower 
half of Bhander Group to essent ia l ly bedload deposits of the upper half is 
marked by a flaser-bedded sequence which has been interpreted to be a 
deposit of mid t i da l f la t environment where a l t e rna te suspension and bedload 
sedimentation is known to take p lace . 
Features indicative of exposure and la te-s tage emergence ebb outflow 
are common in the upper half of Bhander Group a t t e s t i ng to i t s t i da l or igin. 
Howeverj the dominance of sand-sized material and bedload transport suggests 
a low t i d a l f la t environment. Beach and bar deposits have also been 
recognized in association with these low t ida l f la t sediments. The 
associated large channel-f i l ls showing strong "fining-upward" internal 
organization have been interpreted as t ida l channel and inlet deposi ts . 
Vertical facies changes in the Bhander Group sediments suggest that 
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the sequence represents an almost s table shelf l i thologic associat ion. 
The environment of deposition ranged between those of suprat idal f ia ts 
and low t ida l f la ts and related lagoons and beaches. Minor transgressions 
and regressions occurred which did not material ly affect the depositional 
regimen as to bring about subtidal or continental conditions. 
The broad paleogeographic features such as shore l ine orientation 
and paleoslope have been interpreted mainly on the basis of di rect ional 
s t ructures* isopachsj l a te ra l facies changes and slope of l i thologic 
boundaries. An east-southeast - west-northwest oriented shore l ine and a 
north-northeast directed paleoslope have been inferred. In view of the 
perfect ly conformable nature of the ent i re Bhander Group sequence and more 
or less tectonical ly stable conditions of deposition* i t is concluded that 
no major change In paleogeography occurred during the deposition of sedi-
ments under study. 
Paleocurrents have been determined from cross - s t ra t i f i ca t ion dip 
azimuths* and sediment dispersal patterns have been reconstructed by 
re la t ing paleocurrents to the Inferred shore l ine trend and paleoslope. 
Sediment dispersal patterns in the lower half of Bhander Group (Ganurgarii 
Shale* Bhander Limestone* Sirbu Shale) are not very clear since these 
sediments are mainly suspension deposits and generally lack direct ional 
s t ructures* especially c ros s - s t r a t i f i ca t i on . However* on the basis of 
meagre data available* i t appears that bedload sediment transport occurred 
in small channels in the onshore and offshore directions* but to some 
extent also away from and across the channels (across-s lope) . 
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Paleocurrent analysis for the upper half of Bhander Group (Bhander 
Sandstone)» essent ia l ly a t ract ion load deposit* has been carried out in 
de t a i l involving several samoling leve ls . Relationship of paleocurrents 
to the inferred shore l ine and paleoslope suggests that sediment was mostly 
dispersed by longshore currents moving in the west-northwest d i rec t ion . 
However* onshore arid offshore currents also brought about sediment dispersal* 
the former being more prominent of the two. The time-velocity as3rmmetry 
of the t i da l currents and unidirectional flow generated by longshore 
currents were perhaps responsible for the low va r i ab i l i ty of paleocurrents 
observed at the local i ty leve l . The increase in va r i ab i l i ty at successively 
higher sampling levels is most probably due to the increase in the area 
of sampling and consequent involvement of loca l i t i e s with diverse dominant 
direct ions of sediment t ranspor t . 
The predominant west-northwest directed sediment dispersal pattern? 
and a matching of the inferred source composition with the composition of 
pre-Vindhyan rocks suggest that the provenance consisted of low-grade 
metasediraents of Bijawar and Gwalior series and crys ta l l ine rocks of 
Bundelkhand granite? representatives of which are presently seen in the 
Bundelkhand area and along the Narmada and Son lineament. 
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APPENDIX I I : - INCLINATION DATA OF CROSS-STRATIFICATION FORESETS FROM 
BHANDER GROUP OF MANDALGARH-SINGOLI AREA (CONTD.) 
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INDEX (RI) OF RIPPLE MARKS FROM BHANDER GROUP OF 
MANDALGARH-SINGOLI AREA. 
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Sirbu Shale 
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-
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-
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-
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-
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-
-
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3 .3 
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11.0 
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-
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-
-
-
-
_ 
1.0 
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-
.. 
-
-
-
-
-
11.0 
Local i ty 
19 
21 
24 
27 
30 
33 
35 
37 
40 
45 
49 
53 
60 
67 
68 
m 
75 
79 
80 
81 
88 
106 
133 
140 
149 
151 
154 
160 
(cm) 
Bhander 
2.0 
3.0 
2 .3 
6.5 
B.O 
3.3 
3 .5 
6.0 
7.0 
3.7 
7 .5 
5.2 
5.0 
7.0 
1.5 
2 .5 
4 .3 
5.9 
29.0 
2 . ] 
7.0 
4.0 
10.0 
3.4 
2 .7 
9.0 
8 .5 
3.0 
7 .5 
3.0 
6.5 
6.0 
4 .5 
a 
(cm) 
Sands ton 
• w 
— 
_ 
_ 
0 . 7 
0 . 4 
0 . 6 
-
1.5 
0 . 6 
0 . 5 
-
0 .2 
0 .3 
0 .7 
0 . 6 
2.0 
0 .2 
-
_ 
0 .7 
-
0 . 3 
-
_ 
_ 
_ 
-
-
-
0 .7 
RI 
e (con td . 
_ 
_ 
. 
11.4 
8.7 
10.0 
-
2 .5 
8.7 
10.0 
_ 
7 .5 
8 .3 
6.1 
9.8 
14.5 
10.5 
-
^ 
14.3 
-
9.0 
-
_ 
.. 
,^ 
_ 
-
-
6.4 
APPENDIX IV : - GRAIN SIZE FREQUENCY DISTRIBUTION (NUMBER PER CENT) OF 
BHANDER GROUP SANDSTONES OF MANDALGARH-SINGOLI AREA, 
(Data based on th in sec t ion ana lyses) 
Sample 
Number "=2 
o 
10 
19 
20 
22 
43 
55 
69 
92 
95 
118 
147 
187 
189 
200 
210 
211 
217 
218 
224 
225 
227 
232 
235 
236 
243 
305 
in o ' 
• • 
_ _ _ 
- 0.3 
_ _ _ 
_ _ _ 
- - -
- 0.4 1.7 
_ - _ 
- - -
- 1.5 
_ _ _ 
_ _ _ 
- 0 .3 
_ _ _ 
- - -
Grain 
• • 
•H CM CO 
— 
4.3 
-
2.0 
-
20.3 
1.5 
2.0 
10.5 
5.0 
-
8.0 
1.0 
-
2.0 4.5 20.5 38.0 
- 4.0 
- - -
1.5 15.0 
_ _ _ 
6.0 
1.0 
- - -
_ _ _ 
- 1.5 
_ _ _ 
- 0.8 
20.0 
-
26.0 
-
30.0 
9 . 5 
-
14.7 
9.0 
-
6.0 
1.0 
28.6 
3.3 
27.0 
11.0 
41.3 
20.0 
22.5 
37.5 
24.0 
1.5 
45.0 
13.0 
6.0 
26.0 
57.0 
3 .5 
42,0 
1.0 
25.0 
33,5 
-
40.0 
32.0 
1.0 
26.0 
diamet 
1 < 
9 .5 
36.4 
36.0 
49.0 
43.0 
25.3 
43.5 
34.5 
36.5 
47.0 
10.5 
38.4 
64.0 
33.3 
6.5 
16.0 
24.0 
13.0 
15.0 
30.0 
41.0 
2.0 
32.7 
37.5 
27.0 
43.3 
er in Phi units 
o 
• 
29.5 
21.6 
42.0 
19.5 
37.0 
9.0 
29.0 
37.2 
11.5 
20.0 
25.5 
8.0 
18.0 
48.0 
2.5 
3.0 
51.5 
4.0 
50.0 
7.0 
11.0 
14.0 
10.0 
17.0 
58.0 
18.6 
in c 
39.5 
4 .3 
16.7 
1.5 
8.0 
2.0 
5.0 
2 .5 
2 . 5 
4.0 
24.5 
0 . 3 
3 .5 
10.0 
-
-
16.5 
0 . 5 
21.0 
1.0 
4.0 
35.0 
2.0 
3.0 
14.0 
5.3 
1 
i 
18.0 
2 .3 
1.3 
1.0 
1.0 
-
1.0 
1.3 
-
-
25.5 
-
0 . 5 
2 .7 
-
-
4.0 
-
11.0 
1.0 
-
40.0 
0 . 6 
-
-
-
in o u"J 
• • • 
TT in in 
2 .5 
1.2 1.0 
0 .7 
_ 
-
-
-
-
-
-
10.0 2.5 
-
— 
- • 
-
-
0 . 5 
-
2 .0 
-
-
8.0 1.0 
-
-
-
-
vi 
APPENDIX V : - STATISTICAL PARAMETERS OF GRAIN SIZE DISTRIBUTION OF BHANDER 
GROUP SANDSTONES OF MANDALGARH-SINGOLI AREA. 
Sample 
Number 0 5 016 025 050 075 081 095 0 
Ol 
0 
SK, 
KG 
10 2.95 3.20 3.35 3.67 3.95 4.05 4.35 
19 2.20 2.42 2.54 2.89 3.21 3.37 3.97 
20 2.71 2.87 2.97 3.25 3.50 3.60 3.85 
22 2 .25 2.45 2.60 2.85 3.10 3.20 3.46 
43 2.47 2.70 2.80 3.10 3.33 3.45 3.77 
55 1.90 2.10 2.20 2.50 2.80 3.00 3.37 
69 2.30 2.56 2.ifi 2 .87 3.25 3.35 3.65 
92 2.23 2.46 2.65 3.00 3.32 3.41 3.55 
95 1.97 2.22 2.35 2.65 2.97 3.10 3.40 
118 2.37 2.45 2.60 2.88 3.12 3.28 3.52 
147 2.89 3.20 3.36 3.80 4.23 4.41 4.72 
187 2.06 2.25 2.35 2.63 2.90 3.00 3.25 
189 2.45 2.65 2.70 ' 2 . 92 3.10 3.20 3.50 
200 2.60 2.90 2.98 3.22 3.45 3.55 3.80 
210 1.10 1.60 1.70 2.00 2.32 2.50 2.84 
211 1.80 2.10 2.17 2.40 2.60 2.68 3.10 
217 2.80 3.02 3.12 3.33 3.53 3.65 3.95 
218 1.45 1.70 1.95 2.25 2.54 2.64 3.10 
224 2.85 3.13 3.20 3.41 3.68 3.92 4.30 
225 1.70 1.85 2.00 2.50 2.85 3.00 3.31 
227 1.95 2.30 2 .45 2.72 3.00 3.12 3.47 
232 3.27 3.56 3.71 3 .96 4.25 4.37 4.55 
235 2.00 2.17 2.28 2.58 2.93 3.10 3.36 
236 1.95 2.30 2.42 2.73 3.06 3.20 3.47 
243 2.82 3.03 3.10 3.30 3.46 3.55 3 . (^ 
305 2.04 2.40 2.55 2.80 3.10 3.27 3.55 
3.64 
2.89 
3.24 
2.83 
3.08 
2.53 
2.93 
2.96 
2.66 
2.87 
3.80 
2.63 
2.92 
3.22 
2.03 
2.39 
3.33 
2.20 
3.49 
2.45 
2.71 
3.96 
2.62 
2.74 
3.29 
2.82 
0.42 
0.51 
0.33 
0.37 
0.39 
0.45 
Q.m 
0.44 
0.44 
0.41 
0.58 
0.37 
0.30 
0.34 
0.49 
0.34 
0.33 
0.48 
0.42 
0.53 
0.43 
0.39 
0.44 
0.45 
0.26 
0.45 
-0.07 
• H ) . l l 
-H).01 
-0.03 
-0.02 
•+0.15 
-K).19 
-0.15 
-H3.03 
-0.04 
+0.01 
-K).01 
+0.06 
-0.01 
+0.06 
+0.02 
+0.04 
-0.07 
+0.26 
-0.06 
-0.02 
-0.03 
+0.13 
+0.01 
-0.07 
+0.04 
0.96 
1.08 
0.88 
1.00 
1.00 
1.00 
0.99 
0.81 
0.95 
1.06 
0.86 
0.89 
1.08 
1.05 
1.15 
1.24 
1.15 
1.15 
1.24 
0.77 
1.13 
0.97 
0.86 
0.97 
0.99 
1.16 
v i i 
APPENDIX VI :_ DIKECTIONAL DATA: CROSS-STRATIFICATION AZIMUTHS FROM 
BHANDER GROUP OF MANDALGARII-SINGOLI AREA, 
Loca l i t y C r o s s - s t r a t i f i c a t i o n Azimuths 
Ganurqarh Shale 
259 20? 20, 20J 165, 170, 175, 180, 180, 255, 275, 310, 312,32.0 , 
320, 325, 330, 330, 340, 342, 345 
266 2 , 2 , 10, 10, 10, 15, 20, 20, 23 , 25 , 28 , 30, 30, 30, 35 , 
35,46,48,65, 65, 65, 68, 68, 70, 82, 90 , 100, 110, 110, 142, 
145, 145, 145, 145, 175, 175, 180, 180, 190, 195, 245, 245, 
245, 265, 270, 270, 335, 335, 350, 350, 355, 355, 355, 360 
Bhander Limestone 
201 80 , 163, 168, 180, 290, 305, 345, 350 
Sirbu Shale 
178 200, 210, 220, 220, 230, 235 
182 280 
184 5 
186 120, 120, 140, 145, 280, 285, 325, 350 
Bhander Sandstone 
1 240, 253, 255, 273, 275, 292, 295, 300, 300, 305," 309, 310, 
310, 310, 315, 315, 320, 323, 325, 325, 325, 325, 3^8, 331, 
335, 335, 343 
2 175, 210, 230, 240, 245, 250, 260, 260, 263, 265, 268, 268, 
270, 270, 275, 290, 315, 315, 320, 330, 340 
3 250, 275, 287, 288, 290, 290, 290, 290, 290, 290, 290, 295, 
295, 300, 300, 305, 305, 308, 310, 3 l 5 , 3 l5 
4 5 , 10, 15, 25 , 25 , 40, 40, 45, 50, 325, 330, 350, 360 
5 266, 270, 272, 275, 280, 280, 285, 286, 290, 295, 295, 295, 
295, 300, 300, 300, 304, 305, 310, 320, 330, 335, 345 
6 270, 290, 295, 300, 303, 313 
viil 
APPENDIX VI DIRECTIONAL DATA : CROSS-STRATIFICATION AZIMUTHS FROM 
BHANDER GROUP OF MANDALGARH-SINGOLI AREA (Continued) . 
Loca l i t y 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
110, 
5 , I 
310, 
20 > 
315, 
180, 
285, 
320, 
260, 
265, 
295, 
309, 
318, 
330, 
299, 
110, 115, 
5, 7 , 45, 2 
310, 315, 
260, 260, 
320, 335 
195, 200, 
289, 290, 
260, 285, 
275, 278, 
295, 295, 
310, 310, 
318, 319, 
330, 335, 
303, 312, 
10,15, 27, 65, 
173,175,175, J 75 
195, 195, 200, 
220, 225, 230, 
200, 
232, 
2 ^ , 
290, 
130, 
195, 
225, 
170, 
185, 
195, 
205, 210, 
235, 240, 
272, 272, 
293, 293, 
156, 165, 
201, 203, 
225, 260, 
175, 175, 
185, 187, 
195, 195, 
C r o s s - s t r a t i f i c a t i o n Azimuths 
115, 116, 121, 125, 125, 125, 125, 125, 140 
70, 290, 290, 290, 293, 300, 300, 305, 305, 
315, 315, 320, 360 
265, 275, 283, 288, 290, 293, 295, 305, 310, 
205, 275, 280, 281 
293, 295, 295, 298, 300, 300, 303, 307, 317, 
285, 286, 290, 292, 294, 295, 297, 302 
278, 278, 280, 280, 285, 285, 287, 293, 293, 
295, 298, 298, 305, 305, 305, 305, 305, 309, 
310, 310, 310, 311 , 312, 3 l 3 , 3 l 3 , 3 l 5 , 317, 
320, 320, 320, 321 , 325, 325, 327, 329, 330, 
335 
325 
70, 105, 120, 145, 155, 155, 158, 165, 170, 
,175,180, 185, 190, 190, 190, 190, 
200 
235 
210 
245 
273 
295 
165 
203 
271 
175 
187 
195 
200 
235 
210 
260 
275 
299 
16B 
205 
180 
187 
195 
200, 200, 203, 210, 210, 2 l 5 , 
270, 320, 335, 360 
215, 220, 225, 22B, 230, 230, 230, 
262 
280, 283, 285, 285, 285, 2P7, 290, 
300, 303, 305, 305 
178, 178, 181, 185, 185, 185, 185, 
211, 213, 215, 215, 218, 220, 220, 
185, 185, 185, 185, 185, 185, 185, 
190, 190, 190, 190, 1 )^0, 193, 195, 
200, 200, 200, 205 
Ix 
APPENDIX VI : - DIRECTIONAL DATA : CROSS-STRATIFICATION AZIMUTHS FROM 
BHANDER GROUP OF MANDALGARH SINGOLI AREA (Continued) . 
Loca l i ty C r o s s - s t r a t i f i c a t i o n Azimuths 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
200, 205, 205, 209, 209, 210 
215 
255 
280 
243 
268 
175 
250 
275 
210 
260 
100 
165 
200 
120 
310 
330 
170 
210 
20B 
215 
227 
230 
295 
310 
250 
283 
220 
260 
280 
250 
270 
220 
250 
280 
210 
265 
115 
165 
203 
120 
315 
330 
190 
210 
209 
215 
227 
240 
297 
312 
265 
283 
220 
260 
280 
255 
271 
225 
250 
280 
222 
265 
130 
175 
205 
140 
320 
340 
195 
215 
210 
215 
230 
250 
300 
312 
270 
285 
310, 315, 315 
8, 15, 15, 17 
73, 75, 75, 85 
225 
265 
290 
260 
272, 
230 
255 
295 
228 
272 
135 
177 
205 
145 
320 
340 
200 
215 
210 
218 
235 
250 
300 
314, 
270 
285 
320, 
23, 
225 
265 
305 
260 
272, 
235 
255 
315 
235 
273 
140 
178 
207 
280 
320 
340 
200 
217 
210 
220 
236 
255 
300 
315 
275 
285 
230, 230, 235, 243, 245, 245, 250, 
273, 275, 275, 275, 278, 278, 280, 
305, 310, 330 
262, 264, 265, 265, 265, 265, 268, 
273, 273, 275 
235, 235, 240, 240, 243, 245, 245, 
260, 260, 265, 268, 269, 272, 275, 
325 
235, 239, 239, 240, 249, 250, 255, 
273, 273, 275, 280 
140, 145, 145, 145, 152, 155, 165, 
183, 187, 187, 190, 195, 195, 199, 
209, 213, 215, 255 
285, 325, 350 
322, 325, 325, 330, 330, 330, 330, 
340, 345, 345 
200, 203, 205, 205, 205, 210, 210, 
220, 220 
210, 213, 215, 215, 2 l 5 , 2 l 5 , 2 l 5 , 
220, 220, 220, 225, 225, 225, 225, 
250 
260, 260, 263, 265, 265 
300, 304, 305, 307, 310, 310, 310, 
315, 322, 323, 325, 327. 
275, 275, 275, 275, 280, 280, 280, 
285, 290, 293 
325, 325, 330, 333, 335, 336 
25, 25, 25, 30, 55, 60, 65, 65, 65, 70, 
APPENDIX VI :_ DIRECTIONAL DATA: CROSS-STRATIFICATION AZBIUTOS FROM 
BHANDER GROUP OF MANDALGARH-SINGOLI AREA.(Continued). 
Loca l i t y 
35 
36 
37 
C r o s s - s t r a t i f i c a t i o n Azimuths 
38 
39 
40 
41 
42 
43 
44 
45 
46 
30, 30J 35, 35, 35 
47, 50, 50, 50, 53 
5 , 5, 6, 17, 75 , 78, 80 , 110 
223 
275 
120, 
150 
180 
220 
280 
235 
265 
178 
230 
283 
268 
220 
240 
255 
298 
190 
245 
215 
265 
30, 30, 40, 45, 50 
20, 210, 215, 215 
250, 250, 255, 255 
265, 265, 265, 270 
280, 280, 280, 280 
290, 290, 290, 290 
310, 315, 315, 320 
345, 352 
214 
275 
9 0 , 
145 
170 
210 
250 
230 
255 
155 
221 
273 
258 
274 
192 
235 
235 
291 
180 
235 
165 
235j 
, 216 
, 275 
120, 
, 148 
, 170 
, 210 
, 260 
, 235 
, 260 
, 165 
. 224, 
, 274 
» 260) 
> 275, 
» 195, 
,] 235. 
» 240, 
, 295. 
, 185. 
, 240, 
, 183. 
250. 
r 216, 
, 275, 
120, 
, 148, 
> 170, 
> 210, 
, 266, 
, 235, 
» 260, 
. 170, 
230, 
, 275, 
265, 
280 
215, 
235, 
252, 
295, 
185, 
241 , 
r 195, 
265, 
35, 35, 37, 37, 40, 45, 45, 45, 45, 47, 47, 
55, 280, 300 
232, 239 
276, 283 
125, 125, 
150, 150 
180, 180 
220, 228 
240, 240 
272, 275 
185, 200 
230, 239 
285, 310 
270, 270 
220, 225 
245, 250 
265, 265 
299, 299 
195, 205 
250, 255 
215, 223 
290, 290 
50 
215, 225, 
255, 255, 
270, 270, 
280, 280, 
290, 290, 
320, 320, 
115, 200, 205, 205, 210, 211 , 2 l 2 , 
245, 262, 263, 268, 270, 272, 273, 
285, 287 
130, 130, 130, 130, 135, 140, 140, 
150, 150, 155, 155, 155, 155,160, 
185, 190, 190, 195, 198, 200,205, 
230, 230, 235, 245, 250, 250,250, 
240, 245, 245, 245, 245, 245, 250, 
280, 300, 300, 345, 350, 
205, 209, 210, 210, 215, 2 l 5 , 220, 
240, 245, 250, 250, 2 5 l , 260, 270, 
321 , 323, 325, 325 
270, 270, 270, 270, 272, 273, 273, 
225, 230, 230, 230, 230, 230, 230, 
250 
271, 273, 275, 275, 285, 285, 290, 
311 , 334 
208, 212, 215, 217, 230, 235, 235, 
255, 260, 273, 285, 295 
225, 225, 226, 228, 230, 232, 233, 
310 
225, 230, 240, 
255, 260, 260, 
270, 270, 270, 
280, 280, 280, 
300, 300, 305, 
325, 325, 335, 
240, 245, 
260, 260, 
270, 275, 
280, 280, 
310, 310, 
335, 340, 
250, 250, 
265, 265, 
275, 275, 
285, 288, 
310, 310, 
340, 340, 
xl 
APPENDIX VI : - DIRECTIONAL DATA: CROSS-STRATIFICATION AZIMUTHS FROM 
BHANDER GROUP OF MANDALGARH-SINGOLI AREA (Continued) , 
Loca l i ty 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
C r o s s - s t r a t i f i c a t i o n Azimuths 
I55j 160, 165, 165, 175, 185, 185, 185, 185, 205, 230, 280, 280, 
290, 290, 295, 300, 300, 300, 305, 310, 310, 323, 325, 335 
210, 220, 220, 275, 280, 280 
180, 208, 210, 210, 212, 215, 215, 2 l 5 , 215, 2 l 5 , 220, 220, 220, 
22lf' 221 , 221, 222, 223, 223, 225, 225, 225, 240, 245, 
220, 221 , 225, 225, 225, 225, 225, 227, 230, 230, 235, 235, 238, 
238, 239, 241, 245, 245, 245, 245, 245, 247, 250, 250, 255, 255, 
255, 260, 265 
10, 20, 20, 25 , 25 , 30, 35 , 35 , 35 , 245, 245, 255, 255, 260, 260, 
265, 265 
225, 230, 240, 245, 245, 250, 255, 260, 255, 270, 275, 280, 285, 
290, 290 
70, 80 , 110, 125, 150, 150, 175, 180, 185, 190, 190, 190, 195, 
195, 200, 215, 220, 220, 220, 220, 225, 243, 245, 250, 285, 320, 
330 
235, 240, 245 
205, 205, 209, 210 
240, 243, 245, 250 
335 
15, 20, 20, 25 , 29 
315, 320, 325, 325 
5 , 15,25, 270, 285 
320, 325, 335, 335 
295, 295, 295, 298 
320, 320, 323, 323 
10, 15, 50,240,265 
315, 315, 315, 315 
320, 325, 330, 335 
210, 2 ]5 , 220, 225, 225, 235, 235, 235, 240, 
253, 260, 265, 269, 275, 275, 285, 290, 330, 
30, 55, 285, 285, 290, 292, 305, 315, 3 l 5 , 
325, 330, 332, 335, 342, 355, 355, 360, 360 
295, 295, 295, 295, 297, 302, 305, 3 l 5 , 320, 
343, 343, 350, 350, 350, 360, 360 
302, 305, 305, 305, 3 ] 0 , 312, 3 l 5 , 3 l 5 , 320, 
325, 328, 330, 330, 335, 340, 355, 355 
265, 270, 280, 280, 290, 300, 300, 310, 310, 
320, 320, 320, 320, 320, 320, 320, 320, 320, 
340, 340, 345, 350, 350, 350, 350, 355, 355 
220, 235, 235, 241 , 245, 265, 273, 285, 290, 290, 325, 340, 345 
x i i 
APPENDIX VI : - DIRECTIONAL DATA: CROSS-STRATIFICATION AZIMUTHS FROM 
BHANDER GROUP OF MANDALGARH-SINGOLI AREA (Continued), 
Loca l i t y 
61 
62 
63 
64 
&5 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
C r o s s - s t r a t i f i c a t i o n Azimuths 
10, 325, 335, 335, 350 
280, 330 
240, 255, 265, 275, 285, 285, 287, 2 9 1 , 291 , 295, 295, 298, 
305, 305, 309, 315, 318, 320, 320, 325, 330, 340 
210, 219, 225, 227, 235 , 239, 243, 255 
215, 230, 245, 245, 248, 253, 255, 255, 255, 255, 255, 260, 
265, 265, 265, 275, 275, 278, 279, 285, 288, 290, 295, 
240, 250, 255, 255, 265, 265, 265, 265, 275ri 280, 285, 
305 
215, 220, 220, 230, 230, 235, 235, 240, 242, 250, 
250, 252, 255, 255, 255, 260, 265, 265, 272, 290, 
355 
5, 210, 215, 215, 345, 355 
212, 213, 215, 215, 215, 217, 218, 220, 220, 220, 
225, 228, 230, 230,235, 235 
255, 263, 265, 295 
, 325, 325, 325, 330, 330, 330, 330, 332, 332, 333, 
335, 335, 335, 340, 340, 355, 360, 360 
30, 30, 30, 37, 40, 45 , 45, 60, 112, 115, 120, 120, 310, 
315, 320, 325, 325, 330, 332, 335, 335 
205, 205, 210, 210, 220, 225, 320, 340 
310, 310, 310, 315, 315, 3 l 5 , 320, 320, 325, 
295, 295, 305, 310, 315, 325, 325, 330, 335, 340, 
230 
285 
195 
250 
293 
210 
225 
245 
5 , 5 
335 
20, 
315 
190 
300 
285 
345 
200 
250 
325 
211 
225 
250 
f 320 
335 
3 lb 
190 
310 
290 
360 
25, 275 
185, 210 
295, 320, 330, 330 
230, 235, 295, 320, 320, 325 
x i l i 
APPENDIX VI :_ DIRECTIONAL DATA: CROSS-STRATIFICATION AZIMUTHS FROM 
BHANDER GROUP OF MANDALGARH-SINGOLI AREA (Continued) . 
Loca l i t y 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
C r o s s - s t r a t i f i c a t i o n Azimuths 
290) 310, 315, 315, 315, 325, 330, 330, 335, 335, 340, 345, 345, 
350, 360 
300, 305, 310, 315, 315, 315, 320, 320, 325, 325, 325, 330 
330, 330, 330, 335 
10, 25 , 45, 50, 55 , 60, 65, 65, 70, 75 , 75 , 215, 220, 260, 320, 
325, 325, 325, 325, 325, 330, 330, 330, 330, 330, 330, 330, 335, 
335 
90 , 105, 125, 140, 145, 145, 147, 170 
220, 220, 290, 300, 305, 320, 328, 335 
270, 280, 285, 290, 293, 295 260, 260 
310, 315 
2 , 5 , 17 
20, 25 , 
195, 195 
215, 215 
235 
215 
240 
275 
220 
240 
260 
315 
155 
220 
235 
205 
240 
195 
230 
25, 40, 181, 225, 225, 256, 275, 280, 285, 295, 320, 320 
215 
240 
220 
240 
260 
318 
195 
220 
235 
205 
245 
210 
235 
18, 20, 20 , 25 , 284,302, 3 l 5 
195, 203, 205, 205, 209, 210 
220 
240 
220 
240 
260 
320 
205 
220 
240 
205 
210 
235 
, 218, 
, 225, 
, 245, 
, 225, 
, 242, 
, 260, 
, 325, 
, 205, 
, 220, 
, 245, 
, 210, 
J 215, 
, 235, 
219, 
225, 
250, 
225, 
245, 
260, 
329, 
205, 
220, 
250, 
210, 
215, 
235, 
220, 220, 220 
225, 225, 230 
250, 250, 250 
225, 225, 225 
245, 245, 250 
265, 285, 285 
340, 345, 350 
210, 210, 210 
223, 225, 225 
250, 2B5, 260 
225, 225, 230 
215, 219, 220 
235, 235, 245 
180, 180 
335, 345 
295, 295 
330, 345 
210, 210 
220, 225 
235, 235 
255, 255 
225, 230 
250, 250 
360 
210, 210 
2?7, 22P 
260, 270 
230, 235 
220, 220 
245> 245 
3301 
. . - . 
215, 220, 195 
350 
295 
350 
212 
228 
235 
255 
235 
250 
215 
230 
280 
235 
225 
245 
295 
360 
215 
230 
238 
255 
235 
250 
15 
230 
2l& 
235 
c.cXi 
305, 
215, 
230, 
239, 
260, 
235, 
250, 
217, 
230, 
235, 
225, 
xlv 
APPENDIX VI : - DIRECTIONAL DATA: CROSS-STRATIFICATION AZIMUTHS FROM 
BHANDER GROUP OF MANDALGARH-SINGOLI AREA (Cont inued) , 
Local i ty 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
103 
104 
240, 240, 241 , 
265, 265, 265, 
290, 295, 305 
160, 175, 175, 
195, 200, 200, 
150, 150, 150, 
165, 165, 165, 
179, 180, 180, 
5 , 5, 5 , 15, 2 
345, 350, 350, 
275, 275, 280, 
330 
3 , 5 , 8 , 10, 3 
335, 345, 345, 
210, 210, 210, 
250, 250, 250, 
265, 265, 265, 
295 
320, 325, 327, 
5 , 10, 25 , 315 
345, 345, 345, 
360, 360, 360 
219, 220, 220, 
292, 295, 299, 
330, 340 
205, 205, 210, 
240, 240, 240, 
5 , 250, 250, 2 
273, 273, 275, 
293, 295, 298, 
130, 170, 170, 
205, 205, 205, 
C r o s s - s t r a t i f i c a t i o n Azimuths 
245, 250, 250, 255, 255, 255, 258, 260, 26o, 260, 
270, 270, 270, 271 , 275, 275, 275, 280, 285, 285, 
185, 185, 185, 185, 190, 190, 190, 190, 195, 195, 
205, 205, 205, 211 , 2 l 5 
153, 153, 155, 155, 155, 160, 165, 165, 165, 165, 
170, 170, 175, 175, 175, 175, 175, 175, 175, 175, 
185, 185, 190, 190, 190, 195, 205 
5, 325, 325, 329, 329, 335, 335, 340, 345, 345, 345, 
350, 355, 355, 355, 355 
293, 300, 303, 310, 310, 3 l 5 , 320, 320, 320, 325, 
12, 315, 315, 320, 320, 325, 325, 330, 335, 335, 
355, 355, 355, 358, 358, 360 
215, 235, 235* 235, 239, 240, 245, 250, 250, 250, 
250, 255, 255, 255, 255, 255, 260, 265, 265, 265, 
265, 265, 265, 269, 270, 275, 275, 280, 280, 283, 
329, 330, 330, 332, 332, 334, 335 
, 315, 320, 330, 335, 335, 335, 335, 340, 345, 345, 
347, 350, 350, 350, 350, 355, 355, 355, 359, 360, 
245, 245, 250, 255, 275, 275, 275, 285, 285, 285, 
300, 300, 305, 305, 305, 305, 310, 310, 3 lF , 320, 
215, 215, 220, 220, 220, 225, 225, 230, 230, 240, 
248, 255, 265, 280 
55, 255, 255, 260, 265, 265, 270, 270, 272, 272, 
280, 280, 283, 285, 285, 285, 285, 290, 290, 290, 
300, 300, 303, 305, 310, 310, 312, 312, 320, 333 
173, 175, 175, 175, 180, 185, 190, 195, 205, 205, 
210, 210, 225, 250, 255 
xv 
APPENDIX VI : - DIRECTIONAL DATA: CROSS-STRATIFICATION AZIMUTHS FROM 
BHANDER GROUP OF MANDALGARH-SINGOLI AREA (Continued), 
Loca l i ty 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
273 
305 
335 
250 
305 
272 
300 
310 
325 
10, 
285 
340 
230 
280 
320 
135 
268 
120 
160 
195 
145 
199 
230 
268 
280 
245 
300 
235 
290 
210 
235 
250 
C r o s s - s t r a t i f i c a t i o n Azimuths 
275, 280, 285, 290, 290, 295, 298, 300, 300, 300, 300, 
305, 308, 310, 310, 310, 310, 311 , 3 l 5 , 320, 325, 330, 
345 
265, 275, 275, 280, 280? 285, 286, 298, 300? 302, 305, 
308, 310» 310, 315, 320, 325, 330 
300, 300, 300, 
, 305, 310, 310, 
5, 319, 320, 323, 
25 , 25 , 30, 265, 272, 272, 275, 
290, 295, 295, 295, 295, 295,  
345, 355 
231, 240 
285, 285 
325 
143, 152 
273, 289 
125, 125 
165, 165 
160, 165 
200, 200 
239, 245 
268, 268 
280, 280 
245, 250 
305, 310 
245, 250 
290, 300 
215, 225 
238, 240 
255, 255 
275, 275, 280, 285, 285, 
301 , 315, 3 l 5 , 320, 335, 
360, 360 
245 
285 
153 
290 
140 
165 
170 
200 
250 
270 
289 
255 
310 
265 
305 
225 
240 
260 
260, 260 
285, 290 
155, 180 
295, 295 
142, 145 
165, 170 
179, 185 
202, 205 
251,255, 
272, 272 
290, 295 
255- 265 
310, 310 
275, 275 
305, 309 
230, 230 
242, 245 
260, 265 
261, 262, 265, 265, 272 
292, 295, 299, 300, 305 
195, 195, 205, 205, 210 
295, 299, 305, 325 
145, 145, 150, 
170, 175, 175, 
185, 185, 185, 
21F, 219, 225, 
260, 265, 265, 
275, 275, 275, 
305 
155, 155, 
175, 180, 
195, 198, 
229, 235, 
265, 265, 
275, 275, 
155, 
195, 
198, 
239 
265, 
278, 
265, 271, 275, 275, 285 
315, 330 
275, 280, 280, 285, 285 
310, 315, 325, 345, 355 
230, 235, 235, 235, 235 
245, 245, 245, 245, 245 
270, 275, 275, 275, 275 
280, 
315, 
225, 
290, 
285, 
235, 
245, 
xvi 
APPENDIX VI:_ DIRECTIONAL DATA: CROSS-STRATIFICATION AZIMUTOS FROM 
BHANDER GROUP OF MANDALGARH-SINGOLI AREA. 
L o c a l i t y 
117 
C r o s s - S t r a t i f i c a t i o n Azimuths 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
2P2, 
290, 
29P, 
315, 
210, 
282, 
305, 
255, 
255, 
300, 
195, 
242, 
260, 
5, 5 
325, 
175, 
275, 
275, 
325, 
255, 
295, 
335 
255, 
299, 
235, 
295, 
225, 
305, 
155, 
192, 
282, 
291, 
298, 
321, 
225, 
288, 
305, 
265, 
255, 
305, 
210, 
245, 
260, 
, 15, 
325, 
190, 
285, 
290, 
330, 
275, 
302, 
260, 
299, 
240, 
299, 
250, 
312 
160, 
195, 
271, 272 
285, 285 
292, 292 
299, 300 
323 
230, 240 
288, 289 
310, 315 
268, 268 
265, 275 
309, 315 
223, 225 
248, 250 
265, 265 
35, 285, 
327, 331 
195, 200 
290, 290 
295, 295 
335, 335 
278, 285 
305, 305 
265, 272 
302, 302 
255, 270 
302, 303 
265, 265 
160, 165 
195, 200 
275, 275, 278, 278, 278, 280, 281 , 281, 
285, 285, 285, 288, 288, 289, 289, 289, 
292, 292, 295, 295, 295, 295, 295, 295, 
301 , 301,301, 301 , 302, 305, 305, 309, 
245, 245, 252, 255, 271 , 272, 275, 275, 
293, 295, 295, 295, 300, 300, 302, 302, 
315 
272, 280, 283 
280, 281 , 281, 282, 282, 285, 298, 300, 
325, 325 
231 , 235, 235, 235, 235, 235, 240, 241 , 
25o, 255, 255, 255, 255, 255, 255, 260, 
265, 269, 275, 282, 285, 285, 292, 310, 
315, 315, 319, 319, 320, 320, 325, 325, 
335, 345, 353 
205, 205, 215, 235, 240, 245, 255, 255, 
300, 320 
305, 305, 309, 3 l 5 , 315, 315, 315, 315, 
335, 342, 345, 345 
290, 290, 290, 293, 295, 295, 295, 295, 
305, 305, 310, 315, 315, 315, 325, 335, 
275, 280, 280, 285, 285, 295, 295, 299, 
315, 315, 315, 315, 325, 325, 329 
275, 275, 275, 285, 295, 295, 295, 295, 
305, 315, 329, 340, 345 
265, 280, 285, 290, 295, 295, 299, 305, 
165, 170, 175, 175, 180, 185, 185, 190, 
205, 210, 210, 230, 235, 260 
xv i i 
APPENDIX VI: 
Loca l i t y 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
DIRECTIONAL DATA: CROSS-STRATIFICATION AZIMUTOS FROM 
BHANDER GROUP OF MANDALGARH-SINGOLI AREA (Continued) . 
Cross-stratification Azimuth 
145, 145, 175, 175, 180, 180, 182, 200, 203, 205, 222, 225, 
235, 235, 237, 245, 255, 255, 255, 260 
140, 160, 165, 165, 170, 175, 180, 180, 185, 185, 185, 190, 
195, 195, 195, 200, 203, 205, 205, 209, 209, 210, 210, 2 l0 j 
215, 215, 219, 219, 220, 225, 225, 235 
35, 35, 35, 35, 39 i^ 39, 40, 40, 40, 40 
45, 45, 45, 55, 85 
175, 185, 190, 195 
200, 205, 205, 205 
299, 300, 303, 305 
310, 310, 312, 312 
5, 5, 5, 9 , 10, 10 
2 5 , 30, 35 , 40i 45 
280, 282, 285, 287 
295, 295, 295, 295 
305, 305, 305, 309 
250, 260, 265 
270, 273, 273 
285, 285, 286 
280, 285, 287 
315,- 315, 315 
335, 335, 340 
235, 235, 240 
270, 270, 273 
240 
270 
285 
275 
312 
335 
230 
260 
335 
243 
249 
242 
255 
180 
200 
245, 245, 245 
250, 250, 250 
243, 245, 250 
255, 255, 255 
190, 190, 190 
210, 210, 210 
195, 195, 195, 195 
205, 205, 205, 205 
305, 306, 306, 309 
312, 313, 314, 318 
11> 
325 
290 
295 
265 
275 
287 
287 
315 
240 
275 
245 
250 
250 
258 
195 
210 
1 ] , 12, 15, 15 
335, 350, 355 
292, 292, 293 
298, 299, 300 
285 
277 
290 
293 
315 
240 
275 
245 
250 
250 
259 
195 
211 
278 
291 
293 
315 
245 
285 
245 
253 
250 
260 
195 
211 
278 
295 
295 
325 
245 
285 
245 
255 
25] 
260 
40, 42, 45, 45 , 45, 
195, 195, 200, 200, 
210, 210, 210, 210 
310, 310, 310, 310, 
318 
15, 15, 20, 22, 25 , 
293, 295, 295, 295, 
302, 302, 303, 305, 
280, 282, 282, 283, 
295, 302, 303, 305 
302, 305, 305, 305, 
325, 330, 332, 332, 
250, 2 5 0 J 253, 255, 
290, 295, 305, 325, 
247, 247, 247, 249, 
251, 252, 253, 254, 
261, 263 
195, 195, 195, 200, 200, 
215 
2 , 2, 2 , 3 , 5 ,5 , 5 , 5 , 5, 5 , 10» 15, 15, 15, 20, 20, 345, 350, 
350, 351 354, 355, 355, 359, 359, 360, 360 
x v l l i 
APPENDIX VI : - DIRECTIONAL DATA: CROSS-STRATIFICATION AZIMUTOS FR(M 
BHANDER GROUP OF MANDALGARH-SINGOLI AREA (Continued) . 
Loca l i ty 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
270, 
235, 
305, 
325, 
315, 
273, 
280, 
287, 
242, 
270, 
115, 
235, 
290, 
215, 
235, 
260, 
205, 
225, 
235, 
310, 
240, 
310, 
329, 
322, 
275, 
280, 
288 
245, 
273, 
135, 
235, 
290, 
221, 
235, 
272 
215, 
230, 
235, 
310 
245, 
315, 
330 
325, 
275, 
280, 
250, 
273, 
145, 
235, 
300, 
225, 
235, 
220, 
230, 
240, 
Cross-s t ra t i f ica t ion Azimuths 
250, 255, 
315, 315, 
325, 328, 
275, 275, 
281, 282, 
252, 253, 
273, 273, 
175, 180, 
240, 240, 
305 
225, 225, 
240, 242, 
220, 225, 
230, 230, 
240, 240, 
260, 
315, 
329, 
275, 
282, 
255, 
275, 
185, 
245, 
22B, 
243, 
225, 
230, 
240, 
265, 
320, 
330, 
276, 
282, 
265, 
275, 
195, 
245, 
230, 
245, 
225, 
230, 
250, 
5 , 10, 310, 310, 315, 335, 360 
150, 
350, 
135, 
280, 
250, 
155, 
220, 
50, 
215, 
290, 
200, 
235, 
260, 
195, 
270, 
275, 
350, 
170 
285, 
255, 
180, 
220, 
290, 
350, 
300, 
263, 
180, 
220, 
293, 305, 
355, 360 
303, 310 
265, 270 
185, 190, 
245, 305, 
335, 
200, 
350, 
337, 
205, 
355, 
275, 
320, 
331, 
276, 
283, 
265, 
275, 
210, 
250, 
230, 
245, 
225, 
232, 
340, 
210, 
360, 
275, 
320, 
345 
277, 
283, 
?65, 
285, 
215, 
250, 
230, 
245, 
225, 
233, 
340, 
210, 
360, 
280, 
325, 
278, 
2P5, 
265, 
305 
230, 
262, 
233, 
253, 
225, 
233, 
345, 
210, 
360 
300, 
325, 
279, 
285, 
265, 
2 3 ] , 
275, 
233, 
255, 
225, 
235, 
345, 
217, 
310 
325, 
279, 
285, 
265, 
235, 
280, 
235, 
255, 
225, 
235, 
345, 
220, 
BO, 180, 190, 200, 205, 210, 210, 210, 2 l 5 , 2 l 5 , 2 l 5 , 2lE, 
215, 220, 220, 220, 220, 225, 225, 225, 235, 240, 245, 
295, 295, 295, 295, 300, 300, 302, 304 
200, 
240, 
265, 
220, 
275, 
205, 
245, 
265, 
230, 
305 
210, 210, 
245, 245 , 
275, 285 
230, 235, 
225, 
245, 
248, 
225, 
245, 
255, 
225, 
250, 
255, 
230, 
250, 
260, 
230, 
250, 
262, 
235, 
255, 
265, 
235, 
260, 
270 
x i x 
APPENDIX VII : - DIRECTIONAL DATA : RIPPLE TREND AND RIPPLE ASYfMETKY 
AZIMUTHS FROM BHANDER GROUP OF MANDALGARH-SINGOLI AREA 
Loca l i ty Ripple Trend Azimuth " 'PP^? Asymmetry 
' ^ Azimuth 
Ganurqarh Shale 
251 60» 60» 65, 75 , 77, 79, 80 330, 330 
258 5, 15, 22, 30, 35, 35 , 35 , 45, 70, 7o, 75 , 78 , 10, 340 
80, 90 , 90 , 90 , 100, 100, 112, 115, 125, 140, 
145, 155, 170, 180, 180 
261 70, 85 
267 5 , 55, 60, 148, 160, 170, 80 
269 20, 25 
Bhander Limestone 
196 
198 
200 
204 
205 
213 
217 
226 
120 
85 , 85 , 110, 115, 115, 120 
165, 165, 165, 175, 180, 180 
80 , 85 , 95 , 105 
155 
90 
40, 40, 50, 50, 75, 80 , 80 
90 , 90 , 90 
Sirbu Shale 
165 5, 10, 10, 10, 10, 10, 55, 60, 70, 7o, 80 , 8 5 , 255, 255, 255, 255, 
105, 110, 115, 120, 125, 125, 160, 160, 165, 330, 340, 340, 345, 
165, 165, 165, 180 350 
167 150, 155, 155, 155 
170 45, 50, 115, 120, 120, 125, 160, 170, 175 
171 55, 55, 70, 75 , 90, 135, 135 
173 5, 8, 40, 50, 115, 150, 180 25 , 275, 278, 310 
XX 
APPENDIX VII : - DIRECTIONAL DATA : RIPPLE TREND AND RIPPLE ASYMMETRY 
AZIMUTHS FROM BHANDER GROUP OF MANDALGARH-SINGOLI AREA 
(Cont inued) . 
Loca l i ty Ripple Trend Azimuth " ' ^ ^ I z i r a u r ^ ' ' ' ^ 
Sirbu Shale 
(Contd.) 
177 70 
178 35, 80J 115, 135, 165, 180 90 
180 5, 5, 20, 20, 25, 25 , 30, 30, 35, 35 , 50, 80 , 320 
85 , 100, 105, 113, 125, 130, 170 
183 5, 5, 75 , 80 , 125, 150, 150, 165, 175, 180 165, 215, 240, 270, 
275 
184 65 
Bhander Sandstone 
1 132, 133, 134, 135 42, 43 , 44, 45 
2 110 
6 50, 140 220 
10 40, 130 310 
13 50, 55, 135, 145 60 
14 35, 83 , 180 
17 110, 115, 130 40 
18 80 , 90 180 
19 75 , 9 0 , 80, 80, 85 , 85 , 100, 100, 105, 105, 
115, 115, 170, 170, 180 
21 80 , 125, 155 170, 215, 245 
24 155 245 
25 55 
27 30 300 
30 155, 155, 155 
31 160 250 
33 140, 155, 155, 155 245, 245 
35 2, 5, 5, 5, 5, 7, 10, 10, 15, 15, 15, 20, 25 , 92 , 9 5 , 9 5 , 100, 
25 , 25, 25, 60, 60, 80 , 80 , 85 , 90 , 170 330, 330, 350, 350, 
355, 360 
37 60, 102, 125, 150 12, 150, 240 
XXI 
APPENDIX VII : - DIRECTIONAL DATA : BIPPLE TREND AND RIPPLE ASYfJlMETRY 
AZIMUTHS FROtA BHANDER GROUP OF MANDALGARH-SINGOLI 
AREA (Continued) 
Loca l i t y Ripple Trend Azimuth ^ ^ ' ^ ^ J z i S " ' ^ ' ' ' ^ 
Bhander Sandstone (Continued) 
38 105 15 
40 5, 5, 10? 10? 15, 15, 20, 20, 50, 50, 50, 50, 275,275,277, 
50, 50, 55, 65, 70, 75, 75 , 75 , 75, 75 , 165, 280 
170, 170, 170 
41 155, 155, 160, 160, 170 
45 30, 35 , 60 300, 305 
49 25 
53 9 3 , 95 , 95 , 100, 100, 100, 100, 100, 105,105, 190,190,190 
105, 107, 110, 115, 117, 118, 120, 125, 125 
60 105, 110, 152, 155, 155, 170 15, 75 
67 15, 15, 15, 20, 20 , 25 , 25 , 25 , 25 , 2 5 , 25, 50, 140, 190, 
30, 30, 35 , 35, 35 , 45, 45, 45, 45, 45 , 50, 225, 240 
50, 95 , 100, 100, 100, 105, 110, 115, 120, 
125, 125., 125, 125, I30, 135, 135, 140, 140, 
145,145, 150 
68 80 , 85 , 85 , 90, 90 , 90 , 120, 125, 130, 130 50 
130, 135, 135, 135, 135, 140, 140, 140, 140, 
140, 140, 140, 140, 145, 150, 150, 150, 155, 
155, 155, 160, 170,175 
69 170, 170 260 
72 80 , 80, 80 , 85 , 8 5 , 85 , 85 , 90 , 115, 115, 
120, 120 
75 115, 320, 125, 130 
79 15, 15, 20, 20 
80 55, 55, 60, 60, 70, 140, 145, 150, 155, 160, 
16D, 165, 165, 165 
81 80, 80 , 80 , 85, 85 , 85 , 85 , 8 5 , 85 , 90 , 100 10,10,350,355 
100, 100, 100 
88 150, 180 240 
89 130 
xxli 
APPENDIX VII : - DIRECTIONAL DATA : RIPPLE TREND AND RIPPLE ASYMMETRY 
AZIMUTHS FROM BHANDER GROUP OF MANDALGARH-SINGOLI 
AREA (Continued) 
Loca l i ty Ripple Trend Azimuth ^ ^ ^ ^ S S T ^ * ^ 
Bhander Sandstone (Continued) 
101 95 
106 113 23 
113 100 
133 35, 50? 50} 50j 55, 65, 65, 65, 65 
140 13, 55, 55 145, 260, 283 
145 135, 135, 150> 150 
149 45, 60, 85, 92 
151 115, 125 205, 215 
154 15, 25 , 30 
157 135 
159 110, 115, 115, 115, 115, 115, 115, 115, 120, 25, 25 , 30, 35 
120, 120, 120, 120, 120, 125, 125 
160 15, 20, 20, 20, 20, 20, 20, 20, 25, 30, 35 , 
35 , 40, 50, 55, 160, 180, 180 
162 148 
xxi i i 
APPENDIX VII I :_ DTHECTTONAL DATA : AVERAGE PARTING LINEATION AZIMUTHS 
FROM BHANDER GROUP OF MANDALGARH-SINGOLI AREA. 
L o c a l i t y Average Azimuth 
Ganurgarh Shale 
249 
Bhander 
2 
4 
5 
6 
11 
12 
13 
14 
17 
21 
25 
27 
28 
30 
31 
32 
33 
34 
35 
36 
37 
41 
44 
45 
65 
Sandstone 
113 
5 , 80> 103, 139 
112, 117, 127 
37, 152 
83 
97,103 
98 
123, 135 
112 
61 , 93 
4 , 164 
30 
21 
132 
35 , 122, 127 
147 
123 
33 
132 
156 
160 
60 
26 
156 
Loca l i t y Average Azimuth 
Bhander Sandstone (Contd.) 
46 
47 
49 
51 
53 
55 
61 
62 
63 
64 
65 
66 
69 
70 
71 
72 
77 
79 
80 
81 
84 
88 
96 
99 
109 
121 
60, 
80, 
41 
105 
97 
81 
155 
134 
109 
56 
125 
67 
30 
2 
7 
157 
85 
157 
100, 115 
96 
4, 33 
19 
90, 
63 
119 
143 
58 
67, 
8 3 , 
125 
7 1 , 15 , 
117 
Loca l i ty 
Bhander 
(con 
128 
129 
132 
134 
137 
138 
139 
140 
141 
142 
144 
146 
147 
149 
151 
153 
154 
157 
158 
159 
160 
161 
Average 
Azimuth 
Sandstone 
t d . ) 
92 
171 
3 1 , 155 
134 
76 
101 
112 
if) 
62 
9 5 , 163 
11 
139 
138 
98 
42 
45 
39 
112, 155 
128 
12, 130 
111 
50 
xxiv 
APPENDIX IX : - DIRECTIONAL DATA : AZIMUTHS OF MISCELUNEOUS DIRECTIONALS 
FROfft BHANDER GROUP OF MANOALGARH-SINGOLI AREA, 
Loca l i t y Azimuth Loca l i ty Azimuth 
Ganurqarh Shale 
RILL MARK TREND 
259 65, 70 
Sirbu Shale 
165 
178 
183 
RILL MARK TREND 
120» 130 > 130, 135, 140 
5 , 5, 5, 15, 20, 20, 20> 
20, 20, 20, 25, 45 , 45 , 
130, 140, 145, 150, 170 
5, 5, 50» 55, 180 
Bhander Sandstone 
RILL HARK TREND 
40, 40, 45, 45, 47, 48, 
50, 50, 50, 52, 55 , 57, 
58 
Bhander Sandstone (Continued) 
CURRENT-DRAG FOLD AXIS TREND 
23 60, 65, 75 , 80 , 9 1 , 
9 1 , 100,100,110,130, 
150,160 
24 
38 
47 
55 
134 
60»90,100,115 
50,80,91,125,140 
135, 140, 150 
135 
30,35,35,50,70,80? 
120,120,135 
151 40 ,50 ,60 ,65 ,75 ,80 
CURRENT-DRAG FOLD ASYMMETRY 
23 150, 155, 165, 170? 
181, 181, 190, 190, 
200, 220, 240, 250 
14 
19 
79 
88 
149 
40 
180 
45, 50, 50, 70? 75 , 75 
30? 35, 40? 45, 45 
150 
38 
47 
55 
157 
140,170,181,215,230 
225, 230? 240 
225 
300 
